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PREFACE 

The object of this book is to convey substantial in- 
formation upon the elements of the subjects included 
within its title, and remove them from the domain of 
speculation and empiricism into the domain of scientific 
deduction from established principles. 

The mathematics, which some pages of the book 
may appear to contain, will, on inspection, be seen to 
be hardly more than symbolic arithmetic ; and, more- 
over, owing to the use made of graphical constructions, 
the physical meanings of the steps of the arguments 
may often be followed quite independently of the 
quantitative work. 

Since progress in all the sciences has depended, as 
is well known (though the knowledge is not always 
applied), upon satisfactory measures being employed 
for the quantities concerned, the very first duty of this 
work is to state, in Chapter I., a suitable measure of 
a gust, of, in other words, the "how much" of a gust. 
That done, a great part of the rest of the book is mere 
routine work, that, for academic purposes, but not 
without sacrificing the simple pioneer character of the 
book, could have been carried much further into 
details. 

In Chapter II., the principles underlying disturbances 
of pose by gusts are presented in the most general 
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viii Aeroplanes in Gusts and Soaring Flight 

manner conceivable, so that, however much designers 
may differ as to the precise means of making their 
machines react to the gusts to avoid disturbance, the 
character of the necessary reactions should be regarded 
as placed beyond controversy and individual opinion. 

In Chapter III., the interesting subject of soaring 
flight is entered upon. Now this subject seems, for 
some reason, to have placed itself in a false position. 
Possibly the reason is that the early students and 
writers, in the days when flying — for reasons since 
justified — was taboo, could not attract attention, or 
excuse their own interest, except by showing an 
innocent tendency to marvel in places. These 
easily read, but unimportant, portions of their writings 
seem to have induced a popular impression that here 
was a phenomenon which could not be explained by 
orthodox methods, and, as a result, anyone who be- 
lieved in some new kind of radium, in moonshine, anti- 
gravitating substances, hydrogen-filled bones, electrical 
repulsions, animal magnetism, aspirations, forward com- 
ponents, and so on, as the cause of soaring, readily 
obtained publicity and an attentive hearing for his 
opinions. 

Now those qualified, even in the most modest degree, 
to have an opinion, are in agreement that the irregular 
movements of the air, or Professor Langley's " internal 
work of the wind," are the sources of soaring. The 
principal room for discovery consisted, therefore, in 
the way of presenting the details of the bird's operations, 
in a sufficiently simple and convincing manner, and it 
has been in the difficulty of doing this that the so-called 
"mystery" of the subject really lay. The present 
work, it will be seen, finds in the adoption of accelera- 
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tion as the measure of a gust, and its graphical repre- 
sentation by vectors, a means, or intellectual tool, 
whereby the elucidation of hitherto obscure details of 
soaring may be carried out in a somewhat compre- 
hensive and conclusive manner. 

In Chapter XII., appliances are described which 
react to the gusts in the manner that Chapter II., and 
the subsequent chapters, show to be necessary for 
stability and soaring. The results already obtained on 
full-size machines, with rough partial applications of 
these appliances, almost surpass belief, and they are 
still in course of development. 

Since the first thirty-three figures, or illustrations, 
are more or less related to each other and referred to 
throughout the book, it has been thought better to 
group them together in plates, at the end, to facilitate 
reference and comparison. 

The word " relative " is a much-used word 1 in the 
book, but, notwithstanding its frequent occurrence, it is 
many times left to be understood. The general failure 
to recognise that all the quantities of mechanics — posi- 
tion, displacement, velocity, acceleration, momentum, 
force, and energy — involve the principle of relativity 
is apparently one of the stumbling-blocks in the study 
of aviation. As a recent example : In one of the 
flying journals published only a few days ago, the 
question of the momentum of a flying machine is 
suggested to have been a worthy subject of profound 
technical discussion by those to whom the public may 
be looking for a lead in these matters. Leaving to 
oblivion the characteristic opinions that defined the 
momentum as a " force," there remains the question, 

1 Used, it may be noticed, more as a term than as a word. 
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— What is the momentum of a flying-machine? The 
answer is simple, even obvious : — The momentum is 
the (mass x velocity relative to the ground) or the 
(mass x velocity relative to the air) according to 
whether the momentum relative to the ground or to 
the air is required. If the machine is about to collide 
with a hill or house, the former momentum concerns 
the aviator ; if flying freely in the air, or involved in 
a gust, the latter momentum concerns the aviator. 

In the ordinary teaching of elementary mechanics, 
it appears that the student is implicitly allowed, for 
convenience, to regard the ground as being in a state 
of absolute rest, in one problem after another, until he 
forms the working impression that the reference to the 
ground is always of an absolute and essential nature. 
The problems of the flying-machine are among the 
few likely to betray his error, and also, as it happens, 
give such student the uncomfortable and false impres- 
sion of having to learn fresh mechanics. For these 
reasons, it is just possible that the most instructive 
problems an up-to-date text-book of mechanics could 
contain would be those connected with flight, particu- 
larly soaring flight. 

The book is not at all a compilation, and dealing, 
as it does, almost entirely with disturbed-air phenomena, 
it is intended more to supplement than supersede good 
existing books on the theory of the aeroplane. 
Chapter XVI. alone shows a tendency to revert to 
the well-worn groove, but it is hoped the Lift Diagram 
of fig. 44, in being a new contribution, is sufficient 
justification. Moreover, a corrective to some current 
views of "natural stability" is certainly demanded in 
the cause of truth and progress. In insisting on the 
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attitude with respect to the trajectory not being con- 
fused with the consequent direction with respect to 
the horizontal, the author is only recalling, as seems 
so strangely necessary, the sense of § 4 of Mr 
Lanchester's Aerodonetics. The rate of diffusion of 
truths in aviation is, however, so very slow that there 
must be some impediment somewhere. No doubt it 
will be disclosed or removed with time. 

S. L. WALKDEN. 

September 7fd y 1 9 1 2 . 



SYMBOLS 

The following symbols are used consistently, and with the assump- 
tion usually made that the reader knows what they stand for. The 
number of the page where each symbol is first introduced, or most 
importantly used, is placed in brackets after the explanation of each 
symbol. 

R = The radius, in feet, of the bird's or aeroplane's orbit relative 

to the air. (Pages 14, 18, 19.) 
T = The time, in seconds, of each complete circle described by the 
air, bird, or aeroplane ; or, in other cases, the time of a 
gust cycle consisting of a head gust and return gust. (Pages 

i7> 2 3* 27.) 

V = The ordinary gliding headway, usually in feet per second. In 
other words, it is the velocity relative to the air during a steady 
glide. In some places, where no confusion can exist, this 
symbol is used instead of Y a or Y f . (Pages 12, 19.) 

V a « The actual headway, in feet per second, of a bird or aeroplane 
in other flights than the ordinary steady gliding flight. 
(Page 19.) 

V / =The headway, in feet per second, of a glider, when flying 
steadily and horizontally in straight driven flight. (Page 21.) 

a — The acceleration of the air denoting, at a given instant, the 
strength of a gust. In some cases it is used for other stated 
accelerations. Usually in feet per second, per second. 
(Pages 16, 17.) 

a Y = The acceleration of a bird or aeroplane relative to the air. 
Usually in feet per second, per second. (Page 38.) 

<i d = The difference of velocity of two air particles, at a given 
instant, one foot apart in the flight path. Usually in feet 
per second. (This is, in the limit, the instantaneous dvjds 
at a point in the flight path.) (Pages 45, 46.) 

• • • 
XUl 



xiv Aeroplanes in Gusts and Soaring Flight 

tf w = The maximum acceleration, of the air, denoting the maximum 

strength of a harmonic gust. Usually in feet per second, 

per second. (Pages 23, 25, 28.) 
^=The acceleration due to common gravity. Feet per second, 

per second. (Page 15.) 
^ = The vertical change of height of a soaring bird. In feet. 

(Pages 24, 28.) 
k = The mechanical strength factor of safety of the wings of an 

aeroplane. (Page 162.) 
k x = The ratio of the maximum thrust or torque, producible by the 

engine, during a flight, to the torque or thrust required in 

the ordinary straight level flight. It may be called the 

"thrust factor." (Pages 162, 163.) 
« = The cotangent of the ordinary gliding angle of a bird or 

aeroplane. In other words, the n of the gliding path when 

the latter is said to be at a slope of " 1 in n " with the 

horizontal. (Page 16.) 
« e = The effective n of a bird or aeroplane while circling and 

banked. It is shown to equal n cos f. (Pages 18, 19, 163.) 
r = The radius, in feet, of the path of the air particles of a soarable 

wind. In other cases, the full displacement, each way, of 

a harmonic gust. (Pages 17, 19.) 
j = A displacement or distance, usually in feet. Often used for 

the distance moved under the influence of an acceleration. 

(Pages 32, 38.) 
/=Time, usually seconds, used variously. (Pages 24, 

28, etc.) 
v = Velocity of the air or wind. Usually in feet per second. 

(Page 21.) 
# m = The maximum wind-velocity fluctuation, to each side of the 

mean, in a harmonic gust. (Pages 26, 30.) 
a = The angle, in degrees, the trajectory or flight path makes with 

the horizontal. (Pages 114, 148.) 
/? = The angle, usually in radians, through which the relative gravity 

is tilted with respect to the true vertical. (Pages 24, 28.) 
y = The ordinary gliding angle, usually in degrees, of which n is 

the cotangent. (Page 21.) 
y e = The effective gliding angle, usually in degrees, of which n t is the 

cotangent. (Fig. n.) 
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£ = The banking angle, in degrees, or angle which the transverse 
axis of the bird or aeroplane makes with the horizontal. 
(Page 18.) 

<f> = The angle of friction, or angle of repose, for solids sliding on 
solids. It is the angle which has /*, or the coefficient of 
friction, for its tangent. (Page 60.) 

o) = Angular velocity, or 2-ir/T. (This concerns the general ex- 
pression for centripetal acceleration, — radius x <o 2 .) (Page 

19.) 

A Special Term. 

Headway : — This term is employed specifically for the velocity 
of the flying body relative to the air. (Page 2.) 

Note. 

Positions, displacements, velocities, and accelerations relative to 
the ground are, for convenience, usually distinguished as absolute 
positions, displacements, velocities, and accelerations, respectively. 



AEROPLANES IN GUSTS. 

SOARING FLIGHT 

AND THE 

STABILITY OF AEROPLANES. 

CHAPTER I 

INTRODUCTORY THE MEASURE OF A GUST 

Until within the last few months the literature of 

the theory of flight dealt almost exclusively with 

flight in still air, regardless of the fact that the real 

problems are concerned with flight in disturbed air. 

Even on the few occasions when gusts were referred 

to, the necessity for first defining a proper measure 

of the gusts, before reasoning about their actions, did 

not seem to be realised. Generally, the gusts were 

referred to as instantaneous alterations, of considerable 

magnitude, in wind velocity ; but nothing can have its 

velocity changed at an infinite rate, and such an 

artificial conception of a gust, though not always 

useless, is often misleading. 

The proper measure of a gust, as regards a body 

immersed in and supported by the air, is undoubtedly 

the acceleration tendency of the air with respect to 

the body ; and while this proposition can be quite 

easily independently supported, the best argument 

for its truth is the orderly manner in which it explains 

i B 



2 Aeroplanes in Gusts and Soaring Flight 

all the questions connected with stability, stresses, 
and soaring flight, in disturbed air. 

The adoption of acceleration as the measure of a 
gust was first advocated by the author in a simple 
article, "Aeroplanes and Gusts," published in Flight 
of 5th August, 191 1, — an article that was an abstract 
of a much longer and more complete article previously 
submitted to the same paper on 7th May. 1 Its general 
adoption by those who debate flight phenomena from 
the technical standpoint is now so complete that the 
time is ripe for publishing the simpler uses to which 
the proposition may be put, independently of explain- 
ing it at length, or defending its truth. 

Using, therefore, the term "headway" in place 
of the cumbersome " velocity relative to the air," it 
will be taken for granted the reader knows, that : — 
(1) The instantaneous strength of gust at 
any point of the air, as regards a given fly- 
ing machine flying at that point, is measured 
by the acceleration of headway which any 
singularity of the air at that point is impress- 
ing upon the flying machine, and the 
direction of the gust is opposite to the 
direction of the impressed acceleration. 
For example : — If the air is accelerating downwards 
at 40 ft. p.s. p.s., it is impressing upon the flying 
machine an upward acceleration of headway of 
40 ft. p.s. p.s., and this is the measure of the down- 
ward gust. In other words, the gust is of strength 
40 ft. p.s. p.s., downwards. Simple velocity, as dis- 
tinct from rate of change of velocity, is, it will be 

1 It dealt with figs, i to 4, the phenomena in tramcars (fig. 26, II.), and 
other matters of the present work. 
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noticed, completely ignored. Now, acceleration has 
magnitude and direction, and being, in consequence, 
a vector quantity, it may be represented completely 
by a straight line of corresponding length and direc- 
tion drawn to scale on a sheet of paper. Therefore, 
we have : — 

(2) A gust may be represented by a 
straight line of length and direction corre- 
sponding, respectively, to the magnitude 
and direction of the gust. 

In the above example, a line 4 inches long, drawn 
downwards, will represent the gust completely on a 
scale of 1 inch =10 ft. p.s. p.s., and the same line 
measured upwards is the impressed acceleration of 
headway. The impressed acceleration is what we 
usually want to know, and when it is known before 
or independently of the gust, the latter often escapes 
mention. 

Again, in the above, the downward acceleration 
of the air is only the most convenient example of 
the production of the impressed upward acceleration 
of headway ; and by " impressed acceleration " is 
meant not necessarily an actual acceleration, but an 
acceleration tendency, just in the same way that 
gravity is a perpetual impressed acceleration or 
acceleration tendency for a flying machine or other 
body though the actual acceleration is rarely in 
accordance therewith. An impressed acceleration, 
however, always becomes a real acceleration when 
there is none other operating upon the body at the 
same time.- 

The inkwell on the desk before the writer is at 
rest. Everyone knows sufficient graphic statics to 

B2 
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draw the balanced forces and explain why it remains at 
rest. But, what may be called "graphical dynamics" 
may be used instead ; that is to say, the inkwell may 
be regarded as remaining at rest in consequence 
of its having a downward impressed acceleration due 
to gravity, and an equal upward acceleration due to 
the reaction of the desk. The dynamical point of 
view is really more fundamental than the statical 
one, and, though cumbersome and unnecessary in 
ordinary engineering problems, it greatly facilitates 
the understanding of many flight problems. 

The general method for finding the impressed 
accelerations acting at a given instant upon a flying 
machine consists in first answering the question : — 
If, at the given instant, the flying machine 
could be suddenly transformed to a small, 
smooth, concentrated mass, how would it 
accelerate relatively to the air? 
The acceleration answering the above question is 
the "resultant relative gravity" of the following 
discussion, and when common gravity is subtracted, 
in vector sense, the result is the acceleration tendency 
or impressed acceleration due to the gusts. When, 
from this result, the impressed acceleration due to 
the absolute acceleration of the air at the place of 
the flying machine is also subtracted, in vector sense, 
there will usually be found an impressed acceleration 
remaining. This is due to the air having what is 
called "velocity structure" at the point, and to the 
flying machine, in crossing that structure, creating 
for itself a rate of change of headway. 1 The measure 

1 See also Mr Lanchester's Aerodonetics, p. 253, where the alteration 
of air velocity from place to place is referred to as a source of soaring. 
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of this "structure gust" is again acceleration, not 
velocity ; but the fact that the gust is strengthened 
in proportion to the machines headway is commended 
to the notice of those who consider high speed the 
certain means of improving stability. Their view 
may not be incorrect, but structure gusts must be 
admitted into the opposing argument. 



CHAPTER II 

AEROPLANES IN GUSTS 

A Horizontal Head Gust 

Let A (fig. i ) be the position of the aeroplane relative 
to the air. Draw AB downwards 32*2 units in length 
to represent common gravity, and CAQ, at right 
angles, to represent the true level with respect to 
which the self-righting aeroplane flies to the left in still 
air. Assuming the sudden gust of the example to be 
40 ft. p.s. p.s., draw DB, 40 units in length, to represent 
the gust, so that BD represents the opposite impressed 
acceleration of headway due to the gust. Draw AD 
to complete the triangle of accelerations ABD. Then 
AD, being the resultant acceleration tendency relative 
to the air during the gust, entirely supersedes AB in 
controlling the flying of the aeroplane, on which 
account it is called the "resultant relative gravity" 
during the gust. Similarly, FAF X , at right angles to 
AD, supersedes CAQ, on which account it is called 
the " virtual level " during the gust. The flying 
relative to the air now proceeds exactly as if gravity 
had been tilted through the angle BAD, and increased 
in strength from AB to AD. But, just at the moment, 
the aeroplane is flying steeply down AC with respect 
to AD and AF ; it proceeds, therefore, to pursue the 

6 
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familiar undulatory righting path AH with respect 
to AF, unless well damped, as it should be, in which 
case the path may be improved to resemble A I. If 
the gust grows slowly in strength, so that D moves 
out slowly through the harmonically placed positions 
1, 2, and the virtual level through the corresponding 
positions 1, 2, the righting path AI is further improved 
to the more slowly curving path AJ. The greatest 
possible improvement, however, occurs when the self- 
righting tendency of the aeroplane is momentarily 
abolished, or even reversed, at the onset of the gust. 
The path AI may then be changed to resemble the 
very satisfactory path AL. Means of doing this are 
now known. (See Chapter XII.) 

In interpreting gust disturbance, by means of the 
relative gravity diagram, it is always a good plan to 
view the diagram along DA, so that AD may be 
really thought of as gravity. Since the disturbance 
of pose arises from the self-righting tendency provided 
for flying in still air, it is obvious that the prompt self- 
righting tendencies, once thought so desirable, 1 must be 
avoided, and only weak, slow righting tendencies, 
sufficient to control the average pose, be used instead. 

The above remarks apply without reference to the 
nature of the righting tendency so long as it pays 
respect to gravity. It is, for instance, futile putting a 
pendulum on the machine to indicate the direction AB 

1 Such as those due to a pronounced longitudinal dihedral angle, or 
strong forward movement of the centre of pressure. Natural selection 
has already operated so powerfully upon the thousands of machines 
designed and tried that argument is now unnecessary to ensure the use 
of weak dihedrals. Actually, a machine should have no rigid positive 
dihedral effect, because, if serviceable enough in other respects, it acts 
promptly in gusts, in a way this work shows is not required. 
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in the gust, for such pendulum cannot be prevented 
from paying allegiance to AD, as gravity, when the 
gust commences. 1 

A Side Gust 

Suppose the aeroplane at A to be flying away through 
the paper when the gust DB attacks. The gust is a 
side gust, and the lateral righting tendency will start 
the aeroplane up paths like AH, A I, A J, or AL, 
according to the circumstances of the damping, etc., 
but with the usual left-hand circling movement. 
Those readers who are familiar with the behaviour of 
gliders in still air will realise the movement quite easily 
on looking at the diagram along DA and noticing 
that the glider at A is virtually launched at too low 
a headway for the gravity AD, and tilted steeply to 
the left. It is impossible to show the path, except in 
a perspective drawing, or by a bent wire in space. 

Here again, a slow lateral righting tendency, well 
damped, is the very least essential demanded by the 
aeroplane seeking the minimum disturbance? Along 

1 This is true of short-period quick-acting pendulums, such as many 
designers, led by the obvious, usually arrange for. But a long-period 
pendulum (several times the period of the average gust) might conceivably 
show, on an aeroplane already fairly steady, a direction of gravity never 
differing much from the true vertical. The author believes such a 
pendulum, perhaps using a gyroscope to lengthen its period, may be 
profitably added as a supervising control to a machine already designed to 
be free from severe gust disturbance ; but its addition is usually proposed 
for the gross purpose of itself fighting disturbance of the sudden gusts, by 
powerful elevator wagging. This seems doomed to failure as a practical 
engineering proposition, and is absurdly unnecessary in view of there 
being simple and comparatively perfect ways of effecting the same object. 

2 In more advanced aeroplane design it may be found necessary to 
have, in sudden gusts, a momentary reversal of lateral righting tendency ; 
but the solution of this problem, and the whole problem of lateral stability, 
may be allowed to follow after others of greater urgency and preliminary 
educational value. 
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the present lines of design this may take the form of 
very little dihedral angle and underhung weight, and 
considerable keel surface. 

A Rear Gust 

Assuming the aeroplane to be flying to the right at 
A, the gust DB is a rear gust. Taking the same 
point of view as before, it will be easily seen how the 
disturbed paths are of the forms of AH X (undamped), 
All (damped), AJi (slowly growing gust), and AL X 
(with momentary reversal of righting tendency). 

An Upward Gust 

When the same gust is an upward one its vector 
becomes the DB of fig. 2, and the relative gravity 
becomes the AD of that figure. This is in the usual 
direction, but being about 2\ times as strong as 

common gravity it requires about 1J2 \> or 1^ times as 
much headway in the machine. The machine at A, 
therefore, acts similarly to a glider launched at too 
low a headway in still air, and it is easy to see, from 
experience of launched gliders, that paths like AH 
(undamped), A I (damped), and A J (slowly growing 
gust), will resemble those taken by the machine. 

All the paths so determined by means of the relative 
gravity diagram are necessarily relative to the air, 
but these are all we want to know to determine 
changes of pose, since the direction of pose never 
differs by many degrees from the direction of the 
relative path. The absolute paths, or paths relative 
to the ground, may always be determined, when desired, 
provided the relative paths can be dotted with " time- 
spots," or places the machine occupies at the ends of 
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successive intervals of time. In fig. 2 the path AH 
has been dotted with such positions for the ends of 
the 1 st, 2nd, 3rd, etc., seconds of time from leaving 
the air particle at A. It follows that straight lines from 
A, to each of these spots, are the corresponding displace- 
ment vectors of the machine relative to the air particle 
A. But A is accelerating upwards with the air at a ft. 
p.s. p.s., in consequence of which its displacement 
upwards, or s feet, at the end of t seconds, is given 
by s = at 2 /2. The vertical line from A is accordingly 
dotted with these displacements at the ends of the 
numbered seconds of time, and combining with these 
displacements the relative displacements of the machine 
relative to A, the absolute path of the machine's centre 
of mass is easily found to be that passing through 
the numbered points of AM. If the machine is to be 
drawn at each point of the path AM, its pose must be 
made to accord with the direction of the relative path 
at the correspondingly numbered point. 1 

The exact determination of the absolute path for a 
specified machine is seen to depend on the exact 
determination of the relative path for the same machine, 
as obtained by regarding the air as still and common 
gravity superseded by a new gravity differing in both 
strength and direction. Several mathematical methods 
have been published for determining the relative path 
of an irregularly launched machine in still air, and these 
methods may be applied to the present case, after 
substituting the new gravity for g in their formulae, 
and the direction DA for the vertical in their system 

1 It goes without saying, that a superimposed wind adds another dis- 
placement vector to each point, but as that vector would have been there 
without the gust, it is properly ignored. 
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of co-ordinates. 1 The object of the present work is 
to lay down general principles relating to the disturb- 
ing effect of gusts, and it should be kept in mind, that, 
when a broad view of a mechanism has suggested 
obvious improvements in its design, exact determina- 
tions of how it would have operated without such 
improvements lose a great deal of their practical 
interest. 

A Downward Gust 

When the gust DB is downward (fig. 3), the relative 
gravity AD becomes only one-quarter of common 
gravity, and acts upside down. The disturbed path 
then takes the form of AH (undamped), A I (damped), 
or A J (slowly growing gust). In each case the machine 
turns upside down, but only slowly in comparison with 
the transient nature of this extreme gust. If the pilot 
at A is either moving slowly or refusing to allow his 
machine to turn upside down, he is liable to be 
separated from his machine by the upward relative 
gravity. Spanners, or anything loose, are also liable 
to fall out upwardly, and the gravity feed of his petrol 
is likely to be interrupted, and the petrol itself discover 
unexpected places from which to leak. 

This will, no doubt, be recognised as the somewhat 
dreaded "hole in the air" condition 2 in which the 
downward gust acceleration is greater than g. 

When the downward gust DB is of strength 32*2, 
the relative gravity AD vanishes, and the aeroplane, 
if it consists of narrow planes and is of very small size y 

1 The suggestion is plain : Analytical methods may be extended to 
disturbed air by expressing £ as a harmonic function of the time. 

2 It is in connection with these gusts — or it would be if they were not 
so transient — that there is some scope for the employment of gyroscopic 
supervising control. 
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will turn in a vertical circle so small that V 2 /R=g, 

where V is the headway in ft. p.s., and R the radius 

of the circle, in feet The reason is, of course, that 

the lift commences to accelerate the machine at right 

angles to its path, with an acceleration equal to g, — 

the acceleration which, before the gust occurred, 

balanced the lift acceleration. The radius R is there- 

VT 
fore equal to V 2 /^*, but putting for R, (in this, T is 

the time in seconds to complete the circle), we get 
T = 2irV/g 9 or about 20 seconds for a 100 ft. p.s. 
(68 m.p.h.) aeroplane. The simplest device to in- 
crease R and T is empennage, by which is meant a 
pair of neutral surfaces a considerable fore-and-aft 
distance apart, and not simply a neutral tail plane. 
Longitudinal moment of inertia, however, on a 
machine that will take it (see Chapters XII. and 
XIII.), resists the commencement of such vertical 
circling, and prolonged resistance is not required. 
Very powerful empennage has the defect of increas- 
ing the liability to disturbance by eddies. 

A Downward Rear Gust 

In fig. 4, in which the machine is assumed to be 
travelling to the left at A, a downwardly inclined rear 
gust, DB, is shown bringing the relative gravity AD 
to a horizontal direction. The disturbed paths then 
become AH (undamped) and A I (damped) ; a back 
somersault through three right angles being turned, 
even in the case of the damped path. When the gust 
grows slowly, so that the virtual level dwells near 
positions 1 and 2 for appreciable intervals of time, the 
path AJ, turning downwardly through only one right 
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angle, resembles the disturbed path. This gust and 
all those intermediate between fig. 3 and fig. 4 probably 
constitute the most dangerous class of gusts. 

The most marked and dangerous feature of the dis- 
turbed paths AH and A I is the rapid loss of headway 
at their commencement ; but the author has had some 
success in designing apparatus that not only directly 
helps to maintain the headway, but at the same time 
resists the back somersault in proportion to the sudden 
loss of headway Associated with it. The control differs 
from elevator control in not depending upon the existence 
of headway for its operation. (See Chapter XII.) 

A Downward Head Gust 

When the machine is travelling to the right in fig. 4, 
the gust is a downward head gust, and the disturbed 
paths are easily seen to be of the less serious forms 
of AH a (undamped), A^ (damped), and AJ X (slowly 
growing gust). 

Stresses produced by Gusts 

Seeing that, in ordinary steady flying in still air the 
stresses in the wings of an aeroplane are determined 
by the gravitational weight upon the air, it may be 
anticipated that the relative gravity gives a measure 
of the stresses during steady flight in a gust. The 
greatest relative gravity of the diagrams is that due 
to the upward gust of fig. 2, where AD is 2^ times 
common gravity ; but the stress in the machine will 
be more than 2^ times normal, when it is at such a 
place as point 4 of the path AH, because of the path 
being concave, and the machine weighing upon the 
air with an additional acceleration V 2 /R, where V is 
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the headway at point 4, and R the radius of path. 
The determination of the greatest stress is thus seen 
to depend, finally, on the determination of the actual 
V and R of the given aeroplane for each point of its 
disturbed path, and this determination may be made 
by such methods as have now been published dealing 
with flight in still air, with a given g. When there is 
a pilot on board, the stress in excess of the 2\ times 
normal depends on his operation of the elevator, but 
pilots ought always to make a practice of avoiding 
sharp turns relative to the air. 

In fig. 3, the loading of the planes and stresses in 
the machine tend to be reversed. 



CHAPTER III 



SOARING FLIGHT 



Soaring flight may be defined as being that kind of 
flight practised by birds in which they keep aloft, 
without loss of headway, while using none of their 
own energy beyond that necessary to actuate their 
rudders, elevators, and warping, or bird equivalents. 1 

In fig. 5 a simple relative gravity diagram is again 
drawn, but for a weak gust ; and since the virtual level 
plane has superseded the true level during the gust, 
the bird, if frictionless, may glide in any direction in 
the virtual level, including direction AE> without loss 
of headway and without effort, because it is then running 
neither uphill nor downhill with respect to the relative 
gravity AD. Now AE has been arranged tilted at an 
angle of i in 5 to AF, by making BD exactly one-fifth 
of gravity AB, and if the bird is one having a gliding 
angle of 1 in 5, instead of being frictionless, it obviously 
cannot glide nearer to AE than the truly level path 
AF. Thus, a gust of strength g/$ will keep a " 1 in 5 " 
bird afloat in level flight at constant headway. The 
rule is quite general, so that, calling the horizontal gust 

1 This defines complete soaring flight, but it will be seen, after the matter 
has been discussed further, that flapping and soaring may proceed simul- 
taneously as independent partial causes of the whole ascent or support of 
the bird. 

15 
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acceleration a ft. p.s. p.s., and assuming the bird to be 
acting as a i in n bird, it will be maintained in at least 
level soaring, when : — 

*<i (0 

n 

Now the air never accelerates for many seconds in 
one direction, because of the limits to wind velocity, 
but at every point it is always accelerating more or less 
in some direction, in a manner that is represented by 
the vector BD continually altering its magnitude and 
direction (in three dimensions). These changes some- 
times occur very quickly, but never discontinuously, 
and so far as the bird is able to follow, by wheeling 
about, the corresponding changes in the direction of 
AE, it may keep itself in a continuous head gust, and so 
continue soaring. 

This soaring is appropriately known as : — 

Wheeling Soaring 

The acceleration BD need not remain horizontal to 
tilt AE and make soaring, or gain of height relative to 
the air, possible, but if, as is usual, the up and down 
components of BD result, in the long run, in no upward 
displacement of the air, they do npt contribute to the 
soaring. Soaring by such upward displacements, or 
velocities, is a class of soaring that is adopted 
by birds on far fewer occasions than commonly 
supposed. 

Acceleration soaring is probably the rule with birds, 
and wheeling soaring the favourite of that variety ; 
upward velocity soaring (to be discussed later) is prob- 
ably no more than an occasional aid to these. 
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Uniform Wheeling Soaring 

It has been pointed out the air cannot accelerate for 
long in one direction, so that uniform soaring in a 
straight line, for more than a few moments, is not 
possible ; but, in tropical countries, birds are observed, 
on apparently calm days, to move in practically perfect 
circles, and at uniform headway, when the air is known 
not to be ascending. 

To explain this we have only to assume the accelera- 
tion vector BD turns steadily through all the points of 
the compass in the time T seconds in which the bird 
completes each circle ; and such turning of B D will 
occur if the whole block of atmosphere turns in a hori- 
zontal circle of radius r feet, so that every air particle 
moves in a circle of the same size and moves in the same 
direction at any given instant of time. 

Let such air be moving right-handedly, and be mov- 
ing eastward at this moment. Then, the southward 

centripetal acceleration a is A -^J , and the bird will 

be able to soar by facing north, in accordance with 
formula (1), if: — 

or 

r<-^.- .... (2) 

This soaring relationship of the bird" to the air is 
only a momentary one if the bird continues to face 
north, but if it turns circles in the same time and direc- 
tion as the air, it keeps facing BD> and so maintains the 
soaring relationship constant. 

Now formula (2) tacitly assumes that n in the 
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vertical plane remains the common n of the bird 
in straight gliding, but, when circling, the effective 
gliding angle of the bird is more or less degraded, 
and n numerically reduced to an effective value n r 

In fig. 6 the bird is shown in its relative orbit centred 
on the single air particle O, and in front are shown 
the vectors of the relative gravity diagram, or AB, 
AC, BD, and AD. But there is shown another vector 
AE, or BL, which is equal and opposite to the centri- 
petal acceleration, relative to the air, that the bird 
must itself obtain to keep in its relative orbit of radius 
R feet. The length of this vector is given by : — 



AE 



-*(¥)• 



This AE, combining with AB, produces a resultant 
weight upon the air, at right angles to the path, 
represented by AL, and, in the absence of much keel 
surface to resist side-slipping, the bird must bank to 
set itself at righ£ angles to AL. Now, it is a property 
of gliders moving at steady headway to have the drift 
force equal to i/h* the lift force, or, in the alter- 
native view, the forwardly impressed acceleration 
(propeller produced, or air produced, or gravity pro- 
duced) equal to i/n th the resolved acceleration upon 
the air at right angles to the path. In other words : — 

AC = -1 AL. 
n 

But 

AL = AB/cos £ , 

where £ is the banking angle BAL ; therefore 

AC = AB/(« cos i) 
or 

« = — ^ (3) 

«cosf 
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which, compared with formula (1), shows that, in 
circling, ncos\ takes the place of the common n, 
or n e = n cos£. 

Accordingly, rewriting formula (2) with n e (which 
is n cos £) in place of its n> we have : — 

'*£'? .-.. (4) 

With the aid of fig, 6 it is easy to derive the 
following formulae, additional to (4), where a> is 
temporarily written for 2-rr/T : — 

n e = n cos £= n ^ . . (5) 

^ 2 + (Ro) 2 ) 2 

AD 1 2 =^ + (ro> 2 ) 2 + (Ra> 2 ) 2 .... (6) 

and 

Rw = V a = \/^! .... (7) 

In formula (7), V is the common gliding headway of 
the bird, in ft. p.s., and V a is the actual headway while 
circling, and notice is taken of the fact that the steady 
headway is proportional to the square root of the 
weight upon the air at right angles to the path. 1 

From these formulae a complete formula from which 
R may be found in terms of T, for a bird of given V 
and n y is : — 

and the formula for r is : — 

~VM?J +R ') • ■ • <» 

Formula (8), it may be noticed, is not solely 
connected with soaring, but is true, like fig. 6, for any 

1 This would not be quite so true for an inert rigid aeroplane having 
considerable size compared to the size of the orbit. 

C2 
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bird or aeroplane moving steadily in a horizontal circle 
relative to the air. 1 (See Chapter XVII.) 

In fig. 7 is shown, to scale, the absolute orbit of a bird 
having V = 29'3 ft- P- s - ( 2 ° m.p.h.), and #=io, when 
uniformly soaring in a circle with T = 1 2 seconds. The 
radius R, by formula (8), is 60 feet, and the radius r 
of the circular wind is, by formula (9), about 13 feet. 
At O is the single air particle that was shown at the 
centre of the relative orbit in fig. 6. This particle 
moves in the circle of radius r, like the particle at A 
and every other particle. AE is the centripetal accelera- 
tion of the bird at A relative to the air, and AC the 
absolute acceleration of the air at A ; therefore, AK, the 
resultant, is the absolute acceleration of the bird at A to 
the point Q at the centre of its absolute orbit. As these 
relationships remain constant, the triangle AOQ, bear- 
ing the bird at A, travels round the centre Q. The 
radius AQ of the absolute orbit is obviously given by: — 

AQ= n/R 2 + r 2 .... (10) 

but for birds with good gliding angles under these 
soaring conditions AQ is never much greater than R. 

In the soaring chart of fig. 8 the value of r y as a 
function of T, has been plotted, after calculation by 
formulae (8) and (9), for 1 in to birds of V =15, 30, and 
50 miles an hour, and numerals showing the radii of 
the absolute orbits, in accordance with formula (10), 
have been placed at a few important points on the 
curves. Birds with gliding angles of 1 in 10 have 
been selected in the belief that they are likely to 
represent the best existing soaring birds. 2 

1 See the preceding footnote. 

2 The large-scale chart showing more details (such as the orbital radii 
all along the curves), was published in Aeronautics of December, 191 1, 
and is reproduced in the frontispiece of this book. 
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Straight radial lines showing the loci of all points 
on the chart where the wind velocity v equals 5, 4, and 
3 miles per hour, respectively, have been drawn in 
accordance with the obviously applicable formula : — 

r= — (11) 

27T 

When the aeroplane is circling with the banking 
angle £ (refer to fig. 6), and the actual headway V a : — 

t»c-R(y)y, 



?■■■■■ ■■' 

27rV 



• (¥)*/< 



But 



(12) 



VJ2 = AD 1 = AL AD^, 
V 2 AB AB X AL 



*zzir- • • • ( x 3) 



cos £ cos y 

— because angle D X AL is 7, the common gliding angle 
of the bird. 

From (12) and (13) we find : — 



T = 2 ^. 



i Vcosy ^/sinftanf 

which, with 



or 



1 +tan 2 y i 



for cos 2 7, becomes * : — 



I+ ^2" 




Physically, // — - — \ is — , or the ratio of the common gliding 

V/ 



V(^ 



headway to V> — the headway the bird would have if propeller driven 
in straight horizontal flight. 
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The stress in the circling bird's wings is greater than 
that in ordinary straight flying in the ratio of A L to 
AB, or i/cos£. If we assume the bird does not wish 
to fatigue itself by more than double the normal stress, 
£ is limited to 6o°. But. in actual soaring, the birds 
seldom bank more steeply than 45 ; therefore, 45 will 
be taken as the limit of £. 

With 45 substituted for £ in formula (14), T is 
found for the points on the various V curves where 
the banking is 45 , and a line drawn through these 
determines the " bank 45 " curve of the chart. The 
" bank 6o°" curve is, in similar manner, roughly plotted 
to show in which direction the banking becomes 
greater. 

Now, it is very unlikely any of the 1 in 10 soaring 
birds, even the lightest, has a less V than 15 m.p.h. 
We decided that greater banking angles than 45 are 
not employed. Finally, if the circular wind velocities, 
v f were often greater than about 5 m.p.h., these winds 
would hardly have so long escaped direct observation, 
even allowing for the fact that ground friction greatly 
interferes with such jelly-like oscillations of the atmo- 
sphere in its lowest strata. Therefore, the area of the 
chart representing the circumstances of actual soaring 
is that within the shaded triangle, and the following 
approximate limits may be read off the chart : — 

Time T to fly round circle, about 6 to 1 5 seconds. 

Diameter of circular wind, or 2r 8 to 40 feet. 

Velocity of the circular wind, or v . 3 to 5 m.p.h. 

Headways of the birds, or V . . 1 5 to 30 m.p.h. 

Diameters of orbits, or 2R, about . 50 to 200 feet, — 

— which estimate for 2R will do for the absolute as well as the 
relative orbits. 
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Among other things, a careful study of the chart 

will disclose that high speed in a bird militates strongly 

against this class of soaring in the lighter and more 

frequent circular winds, and a heavy bird with greater 

V than 30 m.p.h. will practically never be able to 

accomplish this variety of soaring without helping 

itself out with a certain amount of flapping. The 

infrequency of such a birds soaring is not only due to 

the reduced frequency of the stronger winds, but due 

to its only being able to use them when they come 

within a restricted range of T seconds. The chart 

also discloses why the high-speed bird moves in large 

long-period circles on the few occasions when it is able 

to soar. The frontispiece is superior to fig. 8 for these 

studies. 

To-and-fro Wheeling Soaring 

In this class of soaring the bird is seen to dart back 
and forth in paths that, viewed from above, are 
approximately parallel straight lines joined by sharp 
turns at the ends. When these paths are, say, north 
and south, the gust is no doubt reciprocating in a 
north and south direction, and the best plan is to 
assume it reciprocates harmonically. 

The gust is represented in fig. 9, where it swings 
harmonically to a maximum acceleration amplitude 
a m each way, and has a total periodic time T seconds. 
Notice, at this early stage, that a m is neither a dis- 
placement nor a velocity, but an acceleration. The 
thick line perpendicular from A having been drawn 
32*2 units in length to represent common gravity, it 
is evident the relative gravities, at equal intervals of 
time during the gust cycle, are represented by the 
lines drawn radiating from A. Since the constant- 
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headway soaring path of the frictionless bird keeps 
at right angles to the relative gravity, it is necessarily 
the path EF of fig. 10, in which each little equal 
section, i, 2, 3, etc., has been drawn at right angles 
to its corresponding relative gravity in fig. 9. Every 
section of the path is, to scale, equal to V, the distance 
the bird moves in each of the 14 seconds of the 
assumed gust cycle T. To continue the soaring at F, 
and each time the relative gravity crosses the centre 
on the reversal of the gust, the bird must wheel round 
180 . This wheeling must be a true wheeling action 
relative to the air, like that of a turning motor-car 
or skater, and not like that of a skidding motor-car 
or incompetent slider. That is to say, the headway 
of the bird must be reversed simultaneously with the 
direction in which it faces. By the time of reversal 
of the gust is meant, of course, the time of reversal of 
the gust acceleration, which is T/4 seconds in advance 
of the time of reversal of the gust velocity. 1 

If, at a given instant, the relative gravity is tilted 
through an angle ft it is evident, that, for the bird 
ascending at right angles to this gravity, at headway 
V, the vertical rate of ascent, or increase in h, is 
expressed by : — 

- = Vsxn/J 

which, for feeble gusts with ft very small, may be 
written : — 

g = V0 (15) 

1 Many readers should be able to verify this, later on, by inspection of 
figs. 22, 23, and 24, for the reciprocating displacement, velocity, and 
acceleration vectors for fig. 9 are only the projections of the corresponding 
rotating vectors of figs. 22, 23, and 24. Notice, therefore, that the thick- 
line radii of the latter figures are successively at right angles. 



To-and-fro Wheeling Soaring 25 

Now, where a is the momentary strength of the 
feeble gust, inspection of fig. 9 shows that : — 

and since, for the harmonic gust, — 

2irt 

T 
it follows that : — 



a — a m sin -— 



= ^sini£' .... (16) 

Putting this for ft in formula (15), and integrating 
between / = o and / = T/2, the rise up EF, or to 
half the gust cycle, is found to be : — 

NF= — . £5. v.T . . . . (17) 

7T g 

The mean angle of rise is, therefore, NF in EN, or 

a m V.T/te) in V.T/2 

or 

2 <*tn/(*g) in 1 

or 

2a m nl(irg) in n 

so that, for a 1 in n bird to be kept afloat in such 
soaring, we must have : — 

2a m nl(TTg)^i 

or 

*m«t— .... (18) 

The above reasoning is only without error for an 
indefinitely feeble gust and corresponding gliding 
angle in the bird, but large-scale graphical con- 
structions like fig. 10, — even when certain small 
allowances are made for the variations in the strength 
of the relative gravity and for the centripetal perturba- 
tion due to curvature of path, — will always be found 
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in practical agreement with formula (18), provided a 
practical case, of level soaring is being investigated. 

If the gust continued steady at the value a m the 
frictionless soaring path would be EH in fig. 10, and 
the fact that NF is about 2/3rds, or 2/tt, of NH sug- 
gests that, in this soaring, the mean effective strength of 
the harmonic gust is 2Jtt of its maximum. The mathe- 
matical proof, as regards feeble gusts, consists in 
noting that NH = {ajg) of (V.T/2), which is irJ2 times 
NF as given in formula (17). Alternatively, the ratio 
between formulae (1) and (18) may serve as a proof. 

For a given harmonic gust with maximum wind 
velocity v m > and maximum displacement r feet of the 
air each side of its mean position, 1 we may substitute 
for a m in formula (18) either vjjr or r[2Tr/Ty. In the 
first case, we have : — 



giving us 



and 



r ^2« 



2nv« 2 



r>*^- • • • (19) 



v »<y/- 



irrg 



2ft 

In the second case, we have : — 
giving us 



(20) 



g 
and 



r <£r ■ ■ - ■ (2,) 



T V 



Sirnr 



(21) 



1 A harmonically varying acceleration of a body is only consistent with 
the body having the projected displacements of a particle revolving in 
a circle. The full projected centripetal acceleration of such generating 
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Assuming the 1 in 10 birds are again under con- 
sideration, and limiting the maximum wind velocity 
v m to 15 m.p.h. (notice this is only half the total 
fluctuation), formula (19) gives ^96 feet. 

Formula (21) is no use till T is known, and, as a 
matter of fact, it is no practical use at all, because, 
when T is small, as it must be to find the minimum r> 
the bird has no time for straight runs, as assumed, 
between the wheelings at the ends. 

Putting the above found 96 feet for r in formula 
(22), we get : — T^>27*4 seconds. 

Thus, according to the above showing, the superior 
limit to 2r, in to-and-fro wheeling soaring, or the 
maximum total displacement of the soarable gusts, 
is unlikely to exceed about 192 feet, while the total 
time T of the same soarable gusts is unlikely to 
exceed about 27 seconds. 

The missing inferior limits to r and T, which 
formulae (19) to (22) failed to discover, will be found 
in the limits of the next class of soaring. 1 

To-and-fro Circular Wheeling Soaring 

In practice, even the slowest existing bird cannot 
proceed in two straight paths joined by an insignificant 
wheeling path at each end, not even if it be allowed 
a total T of 27 seconds. The wheeling takes up so 
much time that we may as well calculate for the 

particle is then the a m of the body ; the full projected velocity of the 
particle the v m of the body ; and the full projected radius of rotation of 
the particle the full displacement of the body. 

1 It may be mentioned here, that, although the absolute path (easily 
determined) is of different shape from the relative path, yet it has the same 
terminal points E and F, or E and N ; because, whenever the bird is at 
these points the air has its mean position. 
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more probable circular orbit, and we practically must 
do this for the faster birds, seeing that they at least 
cannot execute sharp turns. The soaring to be con- 
sidered then becomes to-and-fro circular wheeling 
soaring, the soaring paths for which, in the gust of 
fig. 9, are shown in fig. n. The paths up the virtual 
levels being now foreshortened according to an obvious 
enough sine law, formula (15), for feeble gusts, takes 
the form: — 

f = V.p s \n 2 -£ .... (23) 
dt M T v ' 

Putting in this the value of ft in formula (16), it 
becomes : — 

^ = V.^sirv>_ .... ( 24 ) 

This, integrated between the limits t = o and t = TJ2, 
determines the rise to half the gust cycle, in the 
form : — 

NF=i^.V.T .... (25) 
4 g 

The mean angle of rise in the developed path EFx 
is then NxFx in EN lf or 

^V . T/(4*) in V . T/2 

or 

aj(2g) in 1 

or 

<*mni(2g) in n 

so that, for a 1 in n bird to be kept afloat in such 
soaring : — 

a m n/(2g)^i 

or 

a m -$.2g/n (see footnote 1 ) 



1 A comparison of this expression and formula (i) shows that the mean 
effective strength of a harmonic gust, for this class of soaring, is half 
its maximum strength. 
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or 

r{2ir/T) 2 <^2g/n 

or 

r<*T*/(a*»*) 
or 

-H£-? • • • (26) 

But the bird is pursuing a circular orbit, so # must 
be, not the common n, but n„ the effective n while 
circling, and, of course, while banked. Therefore, 
formula (26) becomes : — 

T r «i*-? .... (27) 

On comparing the above with formula (4), and 
reflecting that formulae (5), (6), (7), (8), (9), and the 
soaring chart itself of fig. 8, were, in reality, nothing 
but means of solving formula (4) with n e expressed in 
terms of the constants of the bird in connection with 
its relative orbit, it is evident that the soaring chart 
of fig. 8 solves formula (27) for the r/2 of the present 
form of soaring in feeble gusts. 

Accordingly, trouble is saved in fig. 12 by simply 
redrawing the chart of fig. 8, but with the old figures 
of the r scale crossed out, and double values substituted, 
and with the figures of the v radial-line scale also 
doubled to suit this change in the r scale. 

Though the argument has been developed on the 
assumption of feeble gusts, carefully made large-scale 
graphical constructions, like figs. 9 and n, will always 
be found to confirm the practical absence of error 
for the gusts actually required by the soaring birds. 

With V, on fig. 12, limited to not less than 15 m.p.h. ; 
the banking limited to not greater than 45 ° ; and v 
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limited to not greater than 15 m.p.h.; the circum- 
stances of this soaring, for 1 in 10 birds, are expressed 
by the shaded triangular area of the chart, and the 
following approximate limits of the soaring may be 
written down from inspection : — 

Time T to fly round orbit, about . . 6 to 2 1 seconds. 

Total displacement of the to-and-fro gust, or ir 20 to 150 feet. 

Maximum velocity of gust wind, or v m . 6 to 15 m.p.h. 

Total range of gust velocity, or 2V m . . 12 to 30 m.p.h. 

Headways of the birds, or V . . . 15 to 45 m.p.h. 

Diameters of the orbits, or 2R, about . . 50 to 380 feet. 1 

It is instructive to compare these with the chart 
and limits of uniform wheeling soaring (fig. 8). The 
air movements necessary are much more vigorous, 
and everything is on a larger scale. Though light 
slow birds again have the advantage, this kind of 
soaring is occasionally practicable for a bird having a 
V as great as 45 m.p.h. 

In straight to-and-fro soaring the limit of T was 
made 27 seconds; in this circular case it is only 
21 seconds. Now simple, straight, to-and-fro soaring 
is really impossible, because the bird must always 
mix a good deal of the circular case with its soaring 
during the wheeling at the ends. Hence, the real 
limit of T in general to-and-fro soaring is probably 
about 24 seconds. Similarly, the superior limit of 2r 
is between 192 feet and 150 feet, or probably about 
175 feet. 

The other limits for the circular case may be 
regarded as the limits for the straight case, so far as 
the latter is practicable to the light slow birds. The 

1 Points E and F, or E and N, are also terminal points of the absolute 
path, for reasons similar to those given in footnote No. i, page 27. 
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missing limits of the straight case have therefore 
now been discovered. 

The Non-soaring Condition 

If the bird in fig. 10 did not reverse its direction 
by wheeling at F, the return gust would be a rear 
gust, and the bird would descend by a path of the 
same shape as the ascending path (fig. 13, I.). The 
net soaring effect during the gust cycle would then 
be zero. In the atmosphere the gusts are not 
symmetrical as shown, that is to say, they are not 
immediately symmetrical, but they are usually so 
on the average, and if a bird, using its " elevator" 
to preserve constant headway, but refusing to 
wheel about selectively, finds a little gust element 
at this moment that gives it a rise of, say, one 
foot, it is certain, sooner or later, to find the corre- 
sponding gust element that gives it the same amount 
of fall. 

Thus, assuming the gusts are random phenomena, 
the non-soaring condition is that the bird shall use its 
"elevator" to preserve constant headway, but refuse 
to wheel about selectively in the gusts. 

The non-soaring path of fig. 13, corresponding to 
a harmonic gust cycle l may be represented, approxi- 
mately, by four straight lines of equal length, sug- 
gesting that a good substitute for the gust itself, for 
purposes of general exposition, is one consisting of a 
steady head gust for quarter of the gust cycle, followed 
by no gust {i.e. no acceleration but steady wind) for 
another quarter of the cycle, then a return gust similar 
to the first gust, and a second no-gust period to com- 
plete the cycle. With such a gust cycle the constant- 
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headway non-soaring path is similar to the full line of 
fig. 13, II. 

Asymmetric Soaring 

In fig. 14 a gust cycle of the above-mentioned 
variety has been assumed, with the following attendant 
conditions: — Strength of each gust = 20 ft. p.s. p.s. ; 
duration of each gust = 3 seconds, or one-quarter of T 
seconds, where T is the whole time, 12 seconds, of 
the gust cycle. The headway V of the bird is assumed 
to be 35 ft. p.s. (about 24 m.p.h.). The thick full 
line represents the constant-headway non-soaring path, 
each of the straight sections being, of course, 3 x 35 
or 105 ft. long, to scale. The sloping parts are at an 
angle of 20 in 32*2, or 1 in 1*6, as they should be in 
accordance with the relative gravity diagrams used 
in determining them, though not shown. 

If the bird, while maintaining constant headway, is 
to obtain any soaring effect, some means must be found 
of increasing the rise to the head gust, or decreasing 
the fall to the rear gust, or doing both. That is, some 
kind of asymmetry must be introduced into the gust. 

Regarding the gust as the average gust about the 
time of observation, we must assume the displacement 
of air due to the head gust is equal and opposite to 
that due to the rear gust, for, otherwise, we should be 
confusing the wind with the gust. Now, the displace- 
ment of air, s feet, due to a gust of acceleration a 
acting for t seconds, is given by : — 



from which 



s=??l (28) 



a = ^ (29) 
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When a = 20 and t = 3, as in our example, s is 90 
feet according to formula (28), and putting this for 
s in formula (29) we find the accelerations a of all 
other gusts with the same displacement are given by 
^=180/^. 

With /=»6 seconds, a is 5*0, and the soaring path 
for that gust is at a slope of 5 in^-, or 5 in 32*2, or 
1 in 6 '44, as found by a relative gravity diagram. 
The dotted path No. 6, drawn to A at that slope, is 
accordingly the soaring path of the bird during the 
6-second head gust having the same air displacement 
as the original 3- second gust. The length of this dotted 
path, to scale, is, of course, 6x35 or 2TO f eet - 
Similar paths are drawn for 5, 4, 3, 2, and 1 second 
gusts, disclosing, by the numbered dotted curve passing 
through their extremities, that the best head gust 
from the point of view of rise is the one having a 
duration of about 2^ seconds and making a soaring 
path at 45 , and, therefore, corresponding to a gust 
of strength 32*2 ft. p.s. p.s. 

The slope of the best path is always 45 °, and the 
time is merely incidental. When the gust is of 
strength a the soaring path slopes at an angle a 

having tan a = ajg 9 or sin a = aj s/a 2 +g*. Now, the 
vertical ascent in the gust of duration / is V./ sin a, 
and therefore V.t.a/+fa 2 +g 2 . From formula (29), 
t = s /(2s/a). Hence, the ascent is V. a s /( 2sja)j J a 1 +g*. 
This, being proportional to s/a/(a 2 +g 2 ) f is greatest 
when a =g, that is, when the horizontal gust is of the 
same strength as gravity and, as a consequence, of the 
strength that makes the soaring path slope at 45°. 

The descending paths for the rear gust, drawn from 
point B, on the assumption that it also keeps to the 

D 
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same displacement of 90 feet but has various durations, 
are exact copies of those for the head gust, and show 
that to minimise the descent the rear gust should be of 
either very short or very long duration. 

We can now generalise from fig. 14 as to the 
asymmetry of the gust that will give the constant- 
headway bird some soaring effect. 

If the head gust is a very weak one, the nearest 
asymmetry for soaring consists in a rear gust of longer 
duration and weaker. As the head gust is made 
stronger and stronger the above rule becomes less 
definite, till, with a head gust about equal to gravity, 
or 32*2 ft. p.s. p.s., the nearest soarable asymmetry 
consists in a rear gust that is of less duration and 
stronger than the head gust. When the head gust 
is very much stronger than 32*2 ft. p.s. p.s., the nearest 
soarable asymmetry consists, decidedly, in a rear gust 
of still shorter duration and still greater strength than 
the head gust. 

It will be easily seen that the asymmetry giving the 
bird positive soaring when it flies from right to left 
gives it just as much negative soaring, or beats it 
down, when it flies from left to right. 

This kind of soaring appears to demand so much 
asymmetry in the gusts that it is surprising to find 
it may be of more than academic interest. It is 
notorious that an aeroplane, long after it has left the 
ground, climbs to higher levels more readily when 
flying against the wind than when flying with it. 
Seeing that the man and the machine are the same 
for both directions, and the wind, as a mere bodily 
movement of the atmosphere, does not enter into the 
question, the phenomenon is inexplicable on any other 
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assumption than that the gusts are asymmetrical. 
Since aeroplanes do not usually fly when the gusts 
are as strong as gravity, or able to raise winds of 
30 m.p.h. in 1^ seconds, we may infer, from fig. 14, 
that the gust accelerations in the direction of a wind 
are usually stronger than those returning in the 
opposite direction. It is probable good pilots have 
the instinct for seeking steady headway in preference 
to steady pose, but the above inference does not rest 
entirely on that assumption, because the pilot has the 
same habits in both directions of flight. 

Delay Soaring 

Many birds soar in practically straight courses, as 
viewed from above, and with such indifference as to 
the direction of their course at a given time that both 
wheeling soaring and asymmetric soaring are ruled 
out of court. Yet, they rise and fall to the gusts, 
and, without doubt, to the head gusts and rear gusts 
respectively. Hence, we must assume each of these 
birds finds some means of enhancing its rises to the head 
gusts relative to its falls to the rear gusts, so that, in 
itself, it acts asymmetrically to gusts that may themselves 
be symmetrical. This most important kind of soaring 
is called delay soaring, for reasons that will soon be 
made apparent. For birds, it is probably less in favour 
than wheeling soaring, but aeroplanes have such high 
speed and inferior capacity for wheeling about, to say 
nothing of their desire to progress from place to place, 
that delay soaring is perhaps the only kind they are 
likely to cultivate to any degree. 

Assuming the gusts are symmetrical, it has already 
been laid down that the non-wheeling but soaring bird 

D2 
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must increase its rise to the head gust, or decrease its 
fall to the rear gust, or do both, and that it cannot do 
these by keeping to the virtual levels or constant- 
headway non-soaring paths. 

In fig. 15 the relative gravity diagram and virtual 
level are shown for the 3-second gust of 20 ft. 
p.s. p.s. Since the bird flying at A, with headway V, 
must not keep to the virtual level, let it take any path 
such as AP, and arrive at the point P, at the end of 
3 seconds, with an increased headway due to the 
relative gravity AD. Since, during the gust, the 
relative gravity and virtual level stand to the bird in 
precisely the same relationship that common gravity 
and the true level do when the air is calm, the 
frictionless bird at P can steer back to the virtual level 
perpendicularly along PY, or along any other path, 
and arrive at the virtual level with the same headway * 
it had at A. In particular, it may choose to steer up 
the truly vertical path PQ, and so arrive at Q with its 
common headway V. , 

But, in rising up PQ it is only doing work against the 
AB component of the relative gravity, that is, against 
common gravity ; and so, at the end of the 3 seconds, 
it may turn up PQ and rise the height PQ, or ZQ 
above A, with complete indifference as to whether the 
relative gravity AD and gust DB exist or not. 
Hence, if during the head gust the bird, starting with 
headway V, arrives at any point P in the air, it may 
rise, after the gust ceases, to a height corresponding to 
that of a point, directly above P, on what was the 
virtual level, and arrive there with its original headway 
V. The height of rise may consequently be determined 
by a simple graphical construction. 
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To make Q as high as possible, P must be as much 
to the left as possible, a fact which can be discovered 
or confirmed by another process of reasoning. When 
the bird arrives at P, its greater headway denotes that 
it has been given kinetic energy relative to the air at 
the expense of a fall in the direction of common gravity 
AB, and also at the expense of a horizontal fall in the 
direction of the pure gust " gravity" BD. Now the 
former has to be given back to common gravity, foot 
by foot, as the bird steers up PQ after the gust, but 
the latter is a surplus gift of energy available to do 
extra work against common gravity. To make the 
rise as great as possible that surplus energy must be 
made as great as possible by making the "fall," in 
direction BD, as great as possible while the gust BD 
is in action. 1 

Starting the bird to the right at A, so as to develop 
the similar argument for the rear gust, we see that to 
minimise the loss of height, Z x Q l9 the horizontal 
travel of the bird from A must be made as small as 
possible. The bird ought to wheel round to obtain 
ZQ again, but that would only bring us back to the 
case of wheeling soaring in combination with delay 
soaring. Discussion of soaring necessarily resolves 
itself into discussion of the standard cases, and it may 

1 If gravity did not exist, a bird would be able to keep up a considerable 
average speed of progression, in the manner of delay soaring, by heading 
horizontally straight into the head gust, turning at right angles (up, 
down, or across) during the succeeding rear gust, heading into the next 
head gust again, and so on. If the bird had no friction it could, in this 
way, build up an infinite headway and average absolute speed, for each 
head gust would add a definite increment of headway, (/xa), which would 
be retained during the succeeding rear gust owing to the bird turning at 
right angles to that gust. If it wheeled right round it could develop infinite 
headway at double the rate corresponding to the above process, but that 
would be wheeling soaring. 
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be left to be understood how they may be combined 
by a bird, in various degrees at different times. Pure 
soaring of any one type is the exception, not the rule. 

The problem now is to find the path AP, assumed 
straight in the first instance, that gives the greatest 
travel to the left. 

In fig. 16, easily recognisable parts of fig. 15 are 
again drawn. Now the strength of the relative gravity 
AD, in any direction from AD, is — just as it would be 
for common gravity — proportional to the cosine of the 
angle the direction makes with AD. Hence, the polar 
cosine curve represented by the circle ABD, drawn on 
AD as diameter, gives the vector from A representing 
the strength, a u of AD in any direction. 

When the bird at A, of headway V, falls in any 
direction from A under the influence of any acceleration 
a v the distance s it moves from A is given by the 
usual formula : — 

which, with t = 3 seconds and V = 35 ft. p.s., 
becomes : — 

5=105 + 4i*i in f eet - 

The 105 feet part of s is represented in fig. 16 by 
the circle F, of radius 105 feet, to scale, drawn round 
A; and putting 32*2 for a x we get 145 feet for the 
second part of s in the particular direction AB, a 
distance that is set off in the length AC. Now, the 
4^0! part of s is, in any direction, proportional to the 
acceleration a x in that direction, and, therefore, pro- 
portional to the corresponding vector from A to the 
circumference of the circle ABD. Hence, the circle 
ACE, passing through the two certain points A and C, 
and centred on the line AD, so as to be a copy, on the 
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proper scale, of the circle on AD, represents, by the 
distance of its circumference from A, the ^\a x part of s 
in any given direction. 

Adding the distance vectors, from A, of circle F and 
circle ACE we get the value of s in any direction shown 
by the distance from A to the circumference of the 
thick-line cam-shaped figure. The farthest point of 
this to the left is P, so AP is the straight path giving 
the greatest rise above A, after the gust, and Q — the 
point in the virtual level immediately above P — is at 
the height to which the bird attains in regaining its 
normal headway. 

If the bird is made with a less and less V, the circle 
F shrinks, and the cam-shaped figure shrinks till it 
coincides with the circle ACE. The best path is then 
AG instead of AP, so the greater the headway of a bird 
the less steeply it has to dip down to the head gust to 
pursue its best delay soaring path. Great headway, 
at last, appears to advantage. 

If the gust were to be tried weaker and weaker, after 
the reduction of V to zero, AD would close up to AB, 
and the circle ACE would finally agree with the dotted 
circle passing through A and C, and centred on AB. 
Though, owing to the virtual level being almost co- 
incident with the true level, the amount of soaring is, 
in this case, microscopic, what there is of it is still at 
its best when the path AH, which dips down at 45 °, is 
taken by the bird. Thus, the less the V of the bird, and 
the feebler the gust, the more steeply the bird should dip 
down to the gust. This only confirms that the birds of 
greater headway are more suited for this soaring, and 
it is a significant fact that the heavier birds do prefer 
straight- ahead soaring to wheeling soaring, and when 
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a bird suitable for both kinds is executing the former 
it often shrinks its wings to set itself for a greater 
headway. 

It is probable the shrinkage of the wings during the 
head gust (to facilitate the advance into the gust) and 
expansion during the rear gust (to facilitate support 
without advance) are general methods adopted by 
delay soaring birds to get the utmost soaring effect, 
but the possibilities in the birds alterations of its 
constants as a glider, during the gusts, are beyond the 
scope of this work. 

The point J is interesting, because, although AJ is 
not the best soaring path, yet, it represents the simple 
delay policy of merely steering level during the gust, 
and the rise JK, at the end, is not much inferior to 
ZQ. The point L is interesting in being at the height 
attained when the bird simply pursues the virtual level 
path AL, 105 feet long, as it was at first assumed to 
do. The height of Q above L, therefore, represents 
the advantage to the bird of dipping down the delay 
path AP during the gust instead of keeping constant 
headway in the virtual level. 

It is just as well to mention, that, if AP be made to 
curve towards P in the direction of the horizontal the 
point P may be pushed a little more to the left, but so 
little that it is usually not worth the trouble of finding 
out how much. 

Everything, therefore, goes to show that dipping 
down a little to the head gust (so as to delay rising) 
is the best policy of the bird. 

In fig. 14 the path AP is drawn parallel, and (to 
greater scale) equal, to AP of fig. 16. At P the bird 
attains a headway of about 124 ft. p.s., and the point 
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Q, vertically above P and on AiA produced, is at the 
height attained after the head gust, on regaining the 
original headway V. The bird then has time to travel 
a very short distance horizontally till the rear gust 
commences, when it turns down the virtual level RS 
to avoid losing headway. From the soaring point of 
view the bird would do better not to do this, but to 
reduce its headway so as to stand still in the air and 
avoid forward movement as much as possible. But, 
for reasons of stability, we must assume the bird 
does not willingly reduce its headway much below 
normal. 

As a matter of fact, many delay soaring birds do 
apparently risk this loss of headway to the rear gust, 
for the sake of the gain in soaring effect, and they are 
often being embarrassed by the rear gust being longer 
or stronger than they anticipated. At such moments 
they have to flap to maintain their headway. The 
flapping energy they thus willingly expend per minute 
is probably far less than the soaring energy they obtain 
by continually risking the loss of headway, and aero- 
planes may possibly find ways of expending an average 
of, say, 5 horse-power, intermittently at the rate of 
40 or 50 horse-power, at such well-judged moments as 
to obtain from the gust energy an average of perhaps 
10 to 20 horse -power. Swallows flutter very frequently 
in their soaring in a way suggesting they are regularly 
having to extricate themselves from the lost headway 
condition, as part of their soaring policy. 1 Delay soar- 
ing, in its limit, is thus seen to be somewhat of a com- 
promise with stability. 

1 There is, of course, another and prosaic explanation of a deal of this 
fluttering, — the bird is catching an insect. 
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In fig. 14 the rise in the gust cycle, obtained 
by the delay soaring, is the height of S above A lf 
but a bird cannot pursue the sharp-cornered path. 
The actual path may be somewhat like the thick 
dotted line, which, repeated, gives a path resembling 
fig. 16, I. 

When the bird has friction the path is tilted nearer 
the true level, like fig. 16, II., but, more than in any 
other soaring, the shape of the path is greatly altered, 
the waves being made lower in amplitude. In fact; 
friction makes this class of soaring so difficult that it 
is doubtful if there is any of it worth the mental effort 
of obtaining by a bird or aeroplane that has not a 
better gliding angle than 1 in 5. The general reason 
is that the head resistance prevents the bird or 
machine " falling " into the head gust gravity to 
acquire the store of kinetic energy to subsequently 
carry it up against common gravity. On the other 
hand, there is reason for believing that this soaring 
may utilise the short sharp gusts, or minor irregularities 
of the atmosphere, with T less than 6 seconds, that the 
other kinds of soaring cannot utilise. The aggregate 
energy ready to hand in these numerous little irregu- 
larities, and obtainable, probably, by frequent delayed 
jerks in the angle of incidence of the wings, may be of 
very considerable amount. 

Since the author knows that a damped aeroplane 
which dips down momentarily to head gusts can 
already be easily constructed and, with care, be put in 
tune with the prevailing average gust character of a 
given wind, the realisation of sufficient soaring to aid 
flying is a proximate possibility full of practical interest. 
(See Chapter XI L) 



Soaring Flight 43 

Combined Soaring 

Delay soaring may be profitably combined with 
every other class of soaring except uniform wheeling 
soaring, which is a pure form quite unique in admitting 
of no improvement when the bird has the usual friction. 1 
In fig. 10 and fig. 1 1 the rises are greatly increased if 
the bird dips down in each half gust cycle, before 
ascending. Delay soaring may also be combined with 
the structure gust soaring soon to be described. 

1 If the bird had no friction it could refrain from rising for an hour, while 
continually gathering a headway capable of giving it an enormous rise at 
the end of that time, and a greater final elevation than if it had soared 
uniformly for the whole time. Notice, for example, in fig. 14, that the 
6-second path A^QR gives a greater rise at R than twice A, A, — which 
would also be a 6-second path, but for steady soaring. 
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STRUCTURE GUSTS 



While, in all cases, the gust is measured by the 
acceleration of headway it impresses upon the flying 
object, the acceleration may be caused in other ways 
than by an absolute acceleration of the air at the 
point where the flying object is placed. 

Referring to fig. 17, let us suppose the machine is 
flying in some direction which need not be specified, 
at a point in the air where the velocity v of the 
air is represented by the vector AG. And let us 
suppose that, owing to the machine moving across 
the air, it finds itself, one second later, at a place 
where the air has a velocity represented by the 
vector AE. Now, the vector change in velocity 
between AG and AE is GE, and this change has 
occurred in one second. Hence, EG is the accelera- 
tion of headway impressed upon the machine as a 
consequence of its moving across what is called the 
" velocity structure " of the air. 

Drawing AC equal and parallel to EG, and AB 

downwards 32*2 units in length, the relative gravity 

is found to be AD, and the machine, if ordinarily 

self-righting, commences to right itself with respect 

to this gravity, in the manner that has already been 

explained in Chapter II. Since the structure gust 

44 
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CA alters in magnitude and direction with every 
change in the magnitude and direction of the head- 
way of the machine, as well as with every change 
of place, the word "commences" must be included 
in the above statement, the complexity it suggests 
being, unfortunately, inherent in the case. If the 
machine had been flying in the opposite direction 
(still unspecified), so as to change vector A E to AG, 
the dotted construction finding the relative gravity 
ADj would have been employed. It will be remem- 
bered, the relative gravity of a pure acceleration gust 
did not depend on the direction of flight. 

Compression Structure 

One simple example of velocity structure in the 
atmosphere consists in the air farther and farther to 
the right of a given particle having a greater and 
greater velocity to the left, the alteration in velocity 
being, say, a d ft. p.s. per foot distance to the right. It 
is evident the air particles of this stream are closing 
together very much as the particles of a stretched 
length of elastic close together when we allow it to 
contract, on which account it is called "compression 
structure." The term is not necessarily meant to 
imply the air is really being compressed in volume, 
because the particles may be being extruded trans- 
versely of the axis of the stream, just as in the case 
of the elastic. If we select one particle in the stream 
and refer velocities to that, the particles to left and 
right are moving inwards to right and left, respec- 
tively, towards that selected particle, and at a velocity 
V.a d ft. p.s., where V is a distance in feet from the 
selected particle. It follows that a flying machine, 
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of headway V, flying either left or right in the stream, 
will have a positive acceleration of headway or head 
gust V.a d ft p.s. p.s. impressed upon it, and, therefore, 
be able to soar in either direction. 

This is illustrated for a compression structure in 
fig. 1 8, where ^ = 0*13 ft. p.s. per foot distance left 
and right from A. The bird is supposed to have 
a headway V of 50 ft. p.s., so that V.aj, or the strength 
of head gust created by the bird in flying either left 
or right from A, is 6*50 ft. p.s. p.s. The relative 
gravities, and virtual levels AF and AF 2 (both pointing 
upwards) for left and right flights respectively, are 
found in the usual way. 

But there may also be, and usually will be, a true 
acceleration of the air at A (such as that in fig. 5), 
in addition to the structure gust. This will add its 
vector on to the vector of the structure gust (fig. 18), 
and so tilt the virtual levels AF and AF! to the 
positions AF 2 and AF 3 , respectively, and to an 
extent depending on the strength of the acceleration 
gust. It will be seen, therefore, that it is characteristic 
of compression structure to make the virtual level surface 
of the trough-like or concave form FAFj or F 2 AF 8 , 
encouraging soarability in both directions from A. 

Expansion Structure 

If the air right and left of A is moving away 
from A, just as it was in the last case assumed to 
be moving towards A, we have what is called 
"expansion structure" (fig. 19). If a d , the increase 
in velocity away from A per foot increase in distance 
left or right from A, is again 0*13 ft. p.s., the bird 
of headway V of 50 ft. p.s. will obviously create a 
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rear gust for itself of strength V.a d , or 50x0*13, or 
6*50 ft. p.s. p.s., in flying either left or right from 
A. The virtual levels are then found to be AF 
and AFj, for left and right flying respectively, so 
that soaring is made negative, or downward, for flight 
in either direction. An additional acceleration gust 
at A tilts the pair of levels AF and AF X into the 
dotted positions AF 2 and AF 8 , and if it is stronger 
than the structure gust it may produce positive soar- 
ability in one direction while making the negative 
soarability worse in the other direction ; but it is 
evident that expansion structure always bends the 
virtual level surface at A into the roof-like or convex 
form FAF X or F 2 AF 8 , detrimental to the soaring in 
either direction from A. 

If it were not for these expansion structures it 
would be possible to say that some degree of soaring 
is perpetually possible in the atmosphere, for, apart 
from them, the air is always accelerating more or less 
in some direction at every point, and so creating a 
flat virtual level plane at each point, one side of which 
(up which the bird may choose to steer) always points 
upwards. But, since expansion structure often bends 
down both sides of this virtual level, so as to bend 
down even the higher side below the true level, it 
often happens that, for several moments, soaring is 
impossible in every direction of flight from a point. 

Structure Gust Soaring 

A Standard Example 

Fig. 20 illustrates a standard example of structure 
gust soaring. In the middle view is shown, in plan. 
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a funnel-shaped chasm or canon out of which issues 
a wind. The wind velocity v is over 50 ft. p.s. at the 
extreme right, but the chasm is so widened that the 
velocity is 6*44 ft. p.s. less, per hundred feet to the left, 
travelling out of the chasm. The slowing down is, 
of course, due to substantially the same volume of air 
passing successively through each section in one second 
of time, while having wider and wider sections to pass 
through. The chart at the top of fig. 20 is drawn 
to show the velocity v at each section of the chasm. 

A bird of headway V = 50 ft. p.s. is supposed to 
glide into the chasm, from the left. Since it is rushing 
from nearly calm air into a head wind of nearly 
35 m.p.h. at the narrow end of the chasm, it scarcely 
needs formal argument to show the bird will rise in 
preventing increase of headway, and when it wheels 
round in the narrow part and goes back, formal 
argument is again hardly necessary to show it may 
still rise in keeping constant headway, seeing that 
it is starting the return with an absolute velocity of 
nearly 100 ft. p.s. (i.e., V + v), and charging down 
upon air which is at rest at the extreme left. 

The absolute soaring path is shown in the elevation 
view, and the way it is derived is indicated in fig. 21, 
in a relative gravity diagram that refers to the 200- 
foot ordinate or section of the chasm. 

As the bird proceeds into the chasm, while preserv- 
ing its constant headway V of 50 ft. p.s., it crosses the 
200-foot ordinate with an absolute velocity relative to the 
cliff side of (V — v) ft. p.s., where v is the right to 
left speed of the wind at that point. Now v is 
there about 19 ft. p.s., so (V — v) — which may alter- 
natively be read off the top chart — is about 31 ft. p.s. 
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But the v curve of the chart shows that the slowing 
down air is compressing from each side upon the air 
particles at the 200-foot ordinate, and with a difference 
of velocity of 6*44 ft. p.s. per 100-foot run left or 
right. Hence, the bird of headway 50 ft. p.s. is creat- 
ing, by reason of its headway, a structure head gust of 
T 5 ^j x 6*44 or 3*22 ft. p.s. p.s. That determines, in 
fig. 21, BE and the relative gravity AE ; AB being, 
of course, common gravity. But the air at the 200-foot 
ordinate is also accelerating to the right in slowing 
down its movement to the left. It is slowing down 
6*44 ft. p.s. per 100 feet it travels ; but, as its v is 
there only 19 ft. p.s., it is really accelerating to the 
right at only -5^x6*44, or 1*22 ft. p.s. p.s. This 
acceleration gust, for such it is, determines EE X of 
fig. 21, and so the final relative gravity * AE X . The 
line AF, 50 feet long, to scale, and at right angles to 
AE^ is therefore the soaring path and velocity vector 
relative to the air, 2 that results, and setting off FG 
19 feet long to represent v, we find AG, the absolute 
velocity vector of the bird in the direction it pursues 
relative to the cliff wall. This direction determines the 
direction of the length of path A B in the elevation view 

1 If we wish to obtain the result straight away, without troubling to 
build it up synthetically, we may notice, that, the air per hundred feet to 
the right along the chasm has 6*44 ft. p.s. greater velocity to the left, so 
that, if the bird could be instantaneously reduced to a hard, smooth, con- 
centrated mass, its (V- v\ or 31 ft. p.s., absolute velocity, would give it 
an acceleration of headway of ^fo x 6*44, or 2'oo ft. p.s. p.s. This 2*00 ft. 
p.s. p.s. is at once BE X , or (BE-EEj), or (3*22 - 1*22) of the synthetic 
process of fig. 21. This simple method lumps the component gusts 
together into a kind of composite structure gust relative to absolute co- 
ordinates, still giving, however, an acceleration of relative headway. 

? Seeing that the path is slightly upward, the velocity structure gust is 
slightly weakened ; but as the change depends on the cosine of a small 
angle, the necessary correction is quite beneath notice. 

E 
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of fig. 20. It slopes upwards at 1 in 10, and, it happens, 
the absolute path has everywhere else the same slope, 
because it has been so arranged, for simplicity, in this 
particular example. Fig. 21 also shows, on its left-hand 
side, how the slope of the path on the return journey 
(again 1 in 10) is determined, and it is expected 
the construction will be understood without a full 
description. 

It is by no means unlikely that the soaring of 
Professor Langley's famous buzzard, at "one spot," 
in the "aerial torrent" between the banks of the 
Potomac River, was of this variety. Nature cannot 
often arrange things so conveniently, and birds 
have a deal of curiosity ; it is therefore possible that, 
in its constant repetition of its soaring, the bird was 
revealing an inquiring mind of its own kind some- 
what in sympathy with that of its distinguished 
observer. 

It will be noticed that there is an acceleration gust 
associated with the structure gust all along the 
chasm, and it is very difficult to see how there can 
be an example of a pure horizontal structure gust, 
for more than a single instant of time, for a flying 
machine. 

When the wind is blowing into the chasm it must be 
avoided by the soaring bird, because the air is then 
expanding. The bird will suffer just as much negative 
soaring, or loss of height, as it before obtained of 
positive soaring, or gain of height. Expanding 
structures are probably the principal sources of those 
remous which aviators find associated with certain spots 
of land, as over certain parts of aerodromes, and which 
seem to take away the support from machines flying 
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rapidly through them. 1 Structure gust is found in 
great variety of form, and the chasm example is only 
one of the simplest forms. Delay soaring may, as 
usual, be combined with fig. 20, and considerably 
increase the rise obtainable. 

1 Model aeroplanes are little disturbed by structure gusts, because of 
their inferior speeds. Balloons, having no headway, do not feel them 
at all, but only feel the pure acceleration gusts. A balloon, drifting through 
the chasm of fig. 20, will tilt at each point solely in accordance with the 
acceleration gust at the point. 



£2 



CHAPTER V 

THE AMOUNT OF SOARABILITY IN THE WIND 

Passing over fig. 22, we have, in fig. 23, I., a diagram 

showing, radially, the magnitude and direction of the 

velocity of a wind during 1 2 seconds. This wind is 

constant in magnitude, for all the radii represent, to 

scale, v= 10 ft. p.s., but it steadily boxes the compass. 

It is, of course, one of the winds permitting uniform 

wheeling soaring, but, at the moment, attention is not 

being drawn to that fact. 

Consider, now, the first second of time. The velocity 

changes from the radius vector between the figures 1 2 

and 1 to the radius vector between the figures 1 and 2. 

Hence, according to the resolution of velocity vectors 

by triangles, or parallelograms, the velocity added — in 

vector sense, — during the first second, is represented in 

magnitude and direction by the line forming section 1 

of the circumference of the circle. Similarly, section 2 

represents the acceleration during the next second, and 

so on ; and it follows that the whole circumference of 

the circle divided by the whole time, or 2ttz//T, is the 

average acceleration a of the wind. In other words, 

a = (27rv/T) or the average length of the circumference 

of the wind velocity-vector diagram traced per second, 

as measured on the velocity scale. 

In fig. 23, II., is shown a less regular wind velocity- 
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vector diagram, but just the same reasoning applies, so 
the average acceleration of the wind is again the total 
length of the traced line divided by the total time. 
The total length is 58 on the velocity scale, and, the 
time being 12 seconds, the mean acceleration is 58-*- 12, 
or 4 # 8 ft. p.s. p.s. Now, this is (4'8/32 # 2) of 32.2, or ^th 
of g, so the wind of this diagram is able to raise a 
frictionless bird up an average slope of 1 in 7, or keep 
level a bird having an effective gliding angle of 1 in 7, 
— assuming the bird utilises all the constant-headway 
wheeling soaring effect the wind is proved to contain 
(It may contain much more soaring effect.) 
We thus have the following rule : — 

Having obtained a velocity -vector diagram 
for the wind, for a time T seconds, find the 
total length, according to the v scale, of the 
path traced by the pen, and divide by Tto find 
the mean gust acceleration. On dividing^, 
or 32*2, by this mean acceleration, the result 
will be the n of the gradient, 1 in n y represent- 
ing the minimum degree to which any perfect 
wheeling soaring bird may obtain soaring 
assistance from the wind gusts of the particular 
wind. 
Fig. 25 is a copy of a velocity - vector diagram 
actually taken during 60 seconds of a N.E. wind that 
was blowing at Pyrton Hill, on 13th October, 19 10. 
The original was published in the Government 
Advisory Committee's Report for 19 10- 1 1, in connec- 
tion with Memorandum No. 35 by Mr J. S. Dines, M. A. 
The total length of the path traced by the pen is about 
440 ft. p.s., according to the radial velocity scale, and, 
the time T being 60 seconds, the mean gust accelera- 
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tion is 440-J-60, or 7*3 ft. p.s. p.s. Then, 32*2 -s- 7*3 
being 4*4, the given wind was able to help a wheeling 
soaring bird to the extent of a gradient of 1 in 4*4. 
That is to say, it would have kept a frictionless bird 
soaring up a gradient of 1 in 4*4, or have kept level 
a bird with an effective gliding angle of 1 in 4*4. 
This helps to dispose of doubts as to whether there is 
sufficient gust energy available in winds, especially 
when it is seen later that the velocity-vector diagram 
only shows with certainty the soarability available by 
the pure acceleration gusts, and leaves out of account 
structure gust soarability of two kinds (horizontal and 
vertical), each of which may yield as much again in 
soaring effect. Delay soaring is also left out of account. 
Referring again to the more open diagram of 
fig. 23, II., we know that each section, 1, 2, 3, etc., of 
the path represents the magnitude and direction of the 
gust acceleration during its particular second of time. 
But the wheeling soaring bird has to fly against the gust 
acceleration, and at a constant headway of, say, 30 feet 
per second. Now, on drawing twelve equal short lines, 
each 30 feet long, to scale, and in succession drawn in 
the opposite directions to the sections of fig. 23, 1 1., and 
each one commencing at the end of the last one, we 
shall find that we only reproduce, to some scale, the 
shape of the velocity-vector diagram, but turned round 
180 . Therefore, the best wheeling soaring path of the 
bird, relative to the air, as viewed from above, is of the 
same shape as the velocity-vector diagram. (As a matter 
of fact this is not strictly true, the resemblance is only 
a close one. There is a difference in shape owing to 
the sections of the vector diagram not all being equal, 
but the difference is not marked enough to affect the 
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present argument.) For similar reasons, the wind 
vector diagram of fig. 25 represents, substantially, the 
best path of the wheeling soaring bird, relative to the 
air, to obtain all the proved soarability in that wind. 
But it is beyond belief that even the quick-manoeuv- 
ring swallows could thread such a path in only 60 
seconds. Hence, a good deal of the 1 in 4*4 soarability 
of that wind must be unavailable. However, the 
exploring point was only 36 feet above the ground, 
and there is room for hope that, if it had been, say, 
200 feet high, where birds really do start soaring, the 
diagram might have been less tortuous, without 
necessarily being of less total length. The 96-foot 
tracings of the Government Blue-book do not support 
this hope very much, but the soaring would be less 
difficult if some of the extreme jerkiness of direction 
could be traced to the instrument, in accordance with 
the suggestion in the Memorandum. 

To compensate, there are, as has been suggested, 
several reasons why the air may have been more 
soarable than is expressed by the gradient 1 in 4*4. 
In the first place, the bird may combine delay soaring 
with the wheeling soaring ; that is to say, it may delay 
rising and falling to the fluctuations of the gust. In 
the second place, the diagram takes no systematic 
account of structure gust. For example, in fig. 23, II., 
section 1 may be as shown because it is either 
lengthened or shortened by a structure gust created by 
the exploring point having velocity structure passing 
over it 1 The next section may also be lengthened or 
shortened in like manner, but the probability of random 
selection shows that a number of such sections are 

1 The exploring point is virtually flying relative to the air. 
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unlikely to have their average made either longer or 
shorter by the structure gust effect. This is equivalent 
to saying the wind velocity-vector diagram gives the 
mean acceleration gust only. But the unrevealed 
structure gust is there in the atmosphere, making 
something considerably better than the i in 4*4 
gradient express the real soarability of the air. There 
is room here for a deal of investigation. What we 
appear to require knowledge of is the average 
difference of velocity of air particles one foot apart 
in various directions from the direction of the accelera- 
tion gust. Probably, to determine average structure 
gust, a number of exploring points, say seven, ranged 
in a circle of about five feet radius round a central one, 
and each determining at the same time its own velocity- 
vector diagram, will have to be used. The diagrams 
will almost certainly have to be dotted with time-spots. 
Some instruments that have been used for measur- 
ing wind gusts only show the fluctuations of wind 
velocity in the same direction as the wind, and the 
charts, instead of being radial vector diagrams, are of 
the ordinary rectangular variety with wind velocity 
ordinates against time abscissae. All the soaring 
definitely proved by such a diagram is evaluated by 
adding together the heights of all its mountains, and 
depths of all its valleys (at right angles to the abscissae), 
as measured by the velocity scale, and dividing by the 
total time T seconds. This gives the average accelera- 
tion in the line of the wind, and it is probably only 
about half that which would be disclosed by the full 
radial vector diagram. 

It may be gathered from the above remarks that 
the gustiness of a wind cannot be properly expressed by 
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velocity \ or even by the width of fluctuation of velocity. 
Foraeronauticalpurposes the mean gustiness is measured 
and expressed by the mean acceleration, and the maxi- 
mum gustiness is measured and expressed by the maxi- 
mum acceleration} A wind may vary from 20 to 60 
miles an hour, but if it takes ten minutes to do so, no 
aviator will experience a gust. Acceleration bears just 
the same significance for the aviator that wind velocity 
bears for the constructor of factory chimneys, bridges, 
ships, and earth-bound structures liable to wind 
pressure. 

1 It is an interesting pursuit to devise an instrument to give a direct 
reading of the mean (or maximum) gust since first being exposed to the 
wind. 
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THE PATH OF THE WIND 



In fig. 23, I., the radius between 1 and 2 is the mean 
velocity of the wind for the one second between ^ and 
1^ seconds from the start; therefore, the radius repre- 
sents the displacement of the air, in both magnitude 
and direction, during that one second. The same is 
true all round the circle. Hence, starting at a point 
1 in fig. 22, and drawing lines equal and parallel to the 
successive radii of fig. 23, I., the path of the wind is 
determined. It is circular, in this case, as might have 
been anticipated. Figs. 22 and 23 I. being of similar 
shape, and related as described, it is evident that vjr 
in one is equal to ajv in the other, and therefore that 
a = v 2 /r. This is the familiar expression for centripetal 
acceleration, used in connection with centrifugal force 
and in connection with uniform wheeling soaring. 

In a corresponding manner the irregular wind path 
may be drawn for fig. 23, II., or even fig. 25 — after it 
has been provided with time-spots ; but wind paths 
so derived, other than the circular one, are not very 
reliable, because structure gust perturbations of the 
instrumental record, and certain other effects, are 
not allowed for. 1 

1 Actually, "the path of the wind" means little ; every particle moves 
differently. The velocity-vector diagram only gives the path on the as* 
sumption the wind moves in one mass. 
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Just as the circumference sections of the wind dis- 
placement-vector diagram of fig. 22 give, in magnitude 
and direction, the radii vectores of the wind velocity- 
vector diagram of fig. 23, so also do the sections of 
the latter give, in magnitude and direction, the radii 
vectores of the wind acceleration-vector diagrams of 
fig. 24. The sections of these diagrams, again, give 
the rate of change of acceleration in ft. p.s. p.s. per 
second, for which the author proposes the term " sud- 
denness" of the gust. " Suddenness" measures the 
liability of a gust to produce oscillations in a flying 
machine, just in the same way that acceleration of the 
wind measures the liability of the wind to produce 
oscillations in ships, factory chimneys, bridges, or 
other earth-bound bodies. Colloquially, one may say 
that all the derivatives of the wind, in their relationships 
to earth-bound bodies, are " moved one up " for flying 
machines. 

In figs. 22 to 24 whole seconds of time have, of 
course, only been used for simplicity for the time 
intervals in the arguments. In cases where the dia- 
grams are very much curved the reader may use 
shorter intervals, say tenths of a second, afterwards 
using the factor 10 at obvious points in the reasoning. 
The limit of this method, with infinitely short intervals 
of time, is the completely satisfying mathematical proof 
of each proposition. 



CHAPTER VII 

MECHANICAL ANALOGIES TO SOARING 

In fig. 26, I., is shown a light wooden track, and a ball 
or marble rolling upon the track. To make the ex-r 
periments instructive, an appreciable amount of friction 
should be introduced into the rolling of the marble, as 
by covering the track with deep plush, the pile of 
which the marble has to crush as it rolls. The track 
is placed on a polished table and pulled to and fro, and 
in order to eliminate friction the underside is covered 
with felt, baize, or velvet. 

To make the ball roll it is necessary to tilt the track 
at an angle called the angle of repose, or angle of 
friction, usually designated by (f> ; that is, to tilt it until 
the component of gravity down the track is just greater 
than the opposing friction. It is evident, therefore, 
the ball rolls when gravity makes an angle <f> with the 
perpendicular to the track surface. 1 After measuring 
the angle <f> to be 1 in n f say 1 in 5, assume we place 
the track level again, and the ball near the right-hand 
end. If we now accelerate the track to the right with 
an acceleration of £th gravity, or 6*44 ft. p.s. p.s., 

1 For solids, the ratio of the frictional resistance along the track to the 

force pressing the object upon the track is constant, independently of the 

magnitude of the latter force. Angle 0, therefore, in no way depends 

upon the strength of gravity. 
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this impresses upon the ball an equal and opposite 
acceleration relative to the track, that, combining with 
gravity, produces a resultant acceleration tendency, or 
resultant relative gravity, AB, at the critical angle (f> 
with the track. This, of course, entirely supersedes 
common gravity so far as the track and ball are con- 
cerned, and the ball, accordingly, rolls "downhill" to 
the left, relative to the track. 

In plain language ; — by hurrying the track (air) to 
the right, we can make the ball (bird) travel to the left, 
relative to the track (air), at steady velocity relatively 
to the track (headway), in spite of friction (head re- 
sistance). This is clearly analogous to the frictional 
soaring along AF in fig. 5. 

In fig. 26, II., the experimenter is in a tramcar, with 
a pendulum, a large aquarium bowl of water, and a 
1 in 5 light model glider. When the car is at rest, or 
even in steady motion (wind only), these pieces of 
apparatus act in the familiar manner ; but if the motor- 
man accelerates the car to the right at 6*44 ft. p.s. p.s. 1 
(a gust of that strength), the pendulum will tilt itself as 
shown ; also, the surface of the water will tilt ; the 
experimenter will have to lean back to keep his 
balance ; and, lastly, — assuming the rear door of the 
car is closed to confine the air — the model glider, 

1 Acceleration to the right, of course, includes the case of slowing down 
of the tramcar's movement when it is running to the left. Acceleration 
throughout this work is used in its vector sense in which it is independent 
of the velocity at a given moment. A body may have any vector velocity 
and any vector acceleration at one instant of time, and when it moves in 
a circle the two are at right angles. The popular obsession that a slowing- 
down wind is not an accelerating wind, from such points of view as soar- 
ing, must be discarded by students of soaring, and the fact that the 
increment of velocity may come from the left, or right, or any other direc- 
tion, must be thoroughly understood. 
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launched from front to rear, will glide or soar parallel 
with the floor of the car. The whole car, in fact, will 
be found to have become a little world with a gravity 
of its own tilted at an angle of i in 5 to that outside. 1 
If the driver switches on suddenly, so as to alter the 
acceleration suddenly (say in one-tenth second) from o 
to 6*44 ft. p.s. p.s., everything will be found to start 
oscillating — pendulum, water, and glider. That is 
because everything is left momentarily "out of 
place " as regards the new gravity, and in swinging to 
its new position of equilibrium overruns that position 
in a way easy to understand in the case of the 
pendulum. The passenger, moreover, will complain 
of "jerk," and the glider will have reason to complain 
of the 64*4 ft. p.s. p.s. per second "suddenness" of 
the gust. 

When the car is stopping, the glider will soar in the 
opposite direction, but if the glider is launched in the 
wrong direction for soaring it will descend sharply, as 
if the supporting power of the air had vanished. It 
will then be, in effect, travelling down AG of fig. 5, 
instead of up AE, with the further loss of gradient due 
to friction, of course, added. 

In fig. 27 is shown a round tea-tray, with a hollow 
rim, mounted on a square board, though this board is 
not really necessary. Everyone knows that a marble 
placed in the rim of such a tray may be made to career 
wildly round by merely shaking the tray round in a 
surprisingly small circle ; even when the tray is kept 
flat upon a table, to eliminate accidental tilting. At 

1 Gliding fish in the aquarium may also soar, but only if the water is 
roofed in so as to have no free surface. If this is not done, the water 
simply tilts parallel to the virtual level, so that the fish, swimming parallel 
thereto, can get no nearer to the water-surface. 
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a pinch, this experiment may be performed with so 
simple apparatus as a pill in a round pill-box. 

In fig. 27 the trays centre is moved round the circle 
of radius r, centred at Q, and every other part of the 
tray is moved round a circle of the same size and in 
the same direction at any given moment. At the 
instant shown the tray is moving east with a velocity 
v> so every part of the tray, including the place A 
where the ball stands, is, at the moment, being ac- 
celerated south with acceleration v 2 /r, or, alternatively, 
^(2tt/T) 2 , where T is the time, in seconds, of the 
circling. The ball (bird), therefore, has an equal and 
opposite acceleration tendency relative to the track 
(air), that has the component AQ in the flight path. 
This just equals the negative acceleration tendency 
due to friction (head resistance), and so the ball (bird) 
moves at steady headway. 

If the ball lags behind at K, the component AC^ 
becomes as strong as AC, and therefore greater than 
friction, and hurries the ball forward to catch up with its 
revolving equilibrium position as at A. If the ball, by 
chance, lags behind L, the AC X component is weaker 
than friction, and the ball, as a consequence, lags yet 
further behind, the defect gets worse, the experimenter 
loses touch with the ball, and the " soaring " is apt to 
end itself. The arc AL represents the "working 
zone" of the model, and it is easy to acquire the 
knack, of keeping the ball included within that zone ; 
just in the same way that the soaring bird keeps itself 
in similar relationship to the circularly moving air. 

The model has many points of interest, but some 
of them have little connection with soaring, and will not 
be mentioned here. The dot-and-dash circle through 
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O is the polar sine curve showing, by its distance 
from O, the AQ momentary acceleration component 
in different directions from O ; and the arc round O, of 
radius equal to friction, cuts the polar sine curve in 
two points defining the working zone. The working 
zone narrows if the speed of the tray is reduced with 
r constant, or if its circle of movement is reduced 
with T constant, showing that, as in the case of the 
bird, there is a certain r(2Tr/T) 2 below which " soaring " 
cannot be maintained. In starting, the headway is 
necessarily small, and therefore T large. The tray 
has then to be moved round in a large circle to make 
r[2Tr/Ty equal to friction. As the headway increases 
and T gets less, r may be reduced to minute dimensions, 
till the experimenter's skill is overtaxed, or confused, 
by the furious pace. He then increases rand reduces 
T to widen the working zone and make it move round 
more slowly, and the slowing-down ball soon drops 
behind into step again. 

When the edge of the tray is pressed against a wall, M, 
it can only be reciprocated in a straight east-and-west 
line, but with very little more vigorous movement the 
" soaring" may still be maintained. This illustrates to- 
and-fro circular soaring, and if a long narrow tray with 
circular ends is used, or even a long oval tray, simple 
to-and-fro soaring may be illustrated. 

Those who wish to make these models more im- 
pressive may use a track that spirals upwards, and, if 
they are skilful in operation, they may even employ 
one that spirals irregularly, crossing and recrossing 
itself like a scenic railway. These forms are of no 
more scientific value than the simple flat tray except, 
perhaps, so far as the skill required to operate the 



Mechanical Analogies to Soaring 65 

"scenic railway ,? form suggests the amount and kind of 
skill the irregularly soaring birds themselves have to 
exercise. 

One lesson these models teach: — It is far more 
important to feel the relationship between the ball 
(bird) and the track (air) than to see it. If the tray is 
of very light wood, and the ball is heavy in comparison, 
the circular soaring can be conducted quite as well with 
the eyes shut, and without conscious control, as it was with 
the eyes open, because the reaction of the ball can be felt 
On the other hand, if the track is very heavy and the 
ball very light, the model must be looked at closely in 
order to maintain the soaring. Birds, no doubt, feel 
their soaring relationship to the air as well as see it, 
and the reputed dozing of the albatross, when soaring, 
is not altogether incredible. 

In fig. 28, I., a simple undulatory track is shown, and 
by suitably pulling such a track the ball upon it may 
be worked from one end to the other. Now, this does 
not necessarily prove anything more than fig. 26, for it 
is perfectly obvious that the operator may be pulling 
the track to the right with little greater acceleration 
than he did in fig. 26, but taking care to start the ball 
with sufficient headway to surmount the waves. The 
model, in fact, only begins to demonstrate something 
fresh when, in consequence of the waves, the "soaring" 
is effected with a reduced displacement of the track, 
while, when the "soaring" is effected with no final 
displacement at all, the model illustrates what it is 
generally supposed to do, — straight-ahead soaring by 
means of a reciprocating gust. The model, accord- 
ingly, to be convincing, ought to be anchored to a 
mean position, by rubber bands or by steel springs, as 
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shown in fig. 28, I., permitting an emergency displace- 
ment of about one wave-length each way. The best 
plan of all is to make the wavy track an endless circular 
one of about 10 feet circumference, pivoted, like a wheel, 
at its centre. The experimenter then undertakes to 
maintain the ball in continuous "soaring" without 
making one complete rotation of the track round its pivot. 
The circular shape is, of course, merely an artifice to 
make the straight -ahead "soaring" endless, and the 
model must not be supposed to illustrate any kind of 
circular soaring worth mentioning. 

The necessary reciprocating movement when such 
a model has symmetrical waves will be found to be 
asymmetrical, and to a very noticeable degree if the 
track (being covered with plush having a deep pile) 
is made to offer considerable frictional resistance 
to the balls movement. The reasons are similar to 
those under which the bird is unable to soar when 
the gusts are symmetrical and it itself keeps to the 
constant-headway symmetrical path, as it did in fig. 1 3. 

Experiment will usually determine an asymmetrical 
wavy track, like fig. 28, II., which will allow the ball 
to be kept in steady movement, one way, by a steady 
symmetrical oscillation of the track, though, for the 
reverse direction of flight, the jerkiness, and difficulty of 
keeping the ball " soaring," are likely to be increased. 

When the model of fig. 28, I., is used to keep the 
ball " soaring" by asymmetrical jerks, it illustrates 
asymmetrical soaring ; but when its track is shaped as 
in fig. 28, II., to allow of soaring by symmetrical jerks, 
it illustrates delay soaring. 

It is practically impossible to construct any simple 
mechanical representation of structure gust soaring. 
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As has been pointed out by Mr Lanchester, 
mechanical models fail to resemble soaring in one 
respect, — they act on the principle of the gust (move- 
ment of the track) suiting the bird (ball), instead of on 
the reverse principle. For this, and other reasons, 
they are not very reliable guides to knowledge in the 
details of the phenomenon of soaring. 1 

1 It is perhaps a mistake to lay so much stress on the models illustrating 
soaring that the student thinks of the models to the exclusion of the 
soaring. They illustrate certain mechanical principles underlying 
soaring, and as soon as these are understood attention should be with- 
drawn to the soaring itself. 
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CHAPTER VIII 



VELOCITY SOARING 



In connection with acceleration soaring it was re- 
marked that the up and down accelerations only 
contributed to the soaring so far as they resulted in 
an upward displacement or velocity of the air. The 
soaring thus suggested consists simply in the air 
as a whole moving upwards, with or without a 
horizontal component of velocity, as fast as the gliding 
bird is compelled to lose height relative to the air. 

For example : — A bird having a best gliding angle 
of i in 5, and a gliding headway of 25 \ ft. p.s., 
loses 5 ft. of its height relative to the air, every second. 
It is obvious, therefore, that if the air rises at 5 ft. 
p.s., the bird will remain at constant height above the 
ground. In the very popular view this is held to 
explain all soaring, and to see a soaring bird is, 
mentally, to see a rising column of air, and be intolerant 
of any evidence or argument tending to unsettle this 
rather too simple explanation. 1 The question will be 
returned to later. 

1 At least, this was so up to the end of 191 1. After that, the present 

author began to read and hear the usual distorted popular expositions of 

the views he had then published, rendered appropriatively in the first 

person singular. Such lectures and writings, mutually destructive of 

inaccuracies, are a useful part of the interesting natural process of the 

dissemination of new truths or points of view. 
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Stationary Soaring 

Let us suppose we have a glider for which the best 
gliding angle and headway are 1 in 5 and 20 m.p.h., 
respectively. In a chart (fig. 29) having radial lines 
at various slopes, and arcs furnishing a scale of miles 
per hour for the lengths of the radii, put a spot on the 
1 in 5 sloping line, at a distance, from the corner O, of 
20 m.p.h., on the radial scale. Then, the radial line 
from O to that spot represents the best headway 
velocity vector of our glider. 

In future, for brevity, such a point and vector on 
the chart will be expressed, in an obvious notation, as 
being the machine vector (5, 20), and, as a machine 
vector, it is always measured downwards from the 
right-hand top corner O. 

The pilot now steers the glider steadily down a 
1 in 4 gradient, and finding the headway is 25 m.p.h., 
he sets off the machine vector (4, 25), and so on for 
other gradients, to obtain for the glider the full 
characteristic headway curve shown. Theoretically, 
the curve continues within the best gliding point, as 
shown dotted ; but no pilot can balance the machine 
in these glides, so the curve must be regarded as 
ceasing at the point (5, 20). Again, the curve goes 
far down in the other direction, but cannot be used 
because of the steep pose. The curve may be assumed 
to cease, at that end, at the point (2, 36); that is, at 
the gradient of 1 in 2. 

Now, seeing that stationary soaring must consist 
in equilibrating or matching the machine's vertical 
and horizontal velocity components, or its whole 
vector headway, by the velocity of the wind, it is 
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evident a site is wanted where the wind offers a 
great range of gradients to select from, and nothing 
better for this can be thought of than the side of a 
hill, such as that shown in fig. 30, the gradient of 
which varies from 1 in 2 at the centre to level at 
the top and bottom, as marked by the small figures 
along its profile. The stream-lines of the wind passing 
up the hill are shown in a, b, c> d> etc., and the 
loci of equal gradients on the stream-lines are shown 
by the arched curves marked 1 in 3, 1 in 4, 1 in 5, 
etc. Each arched curve twice crosses its contained 
stream-lines, and points in the soaring space above 
the hill will be referred to, in an obvious notation, 
as point (4^, d f lower), or (4^, d> higher), according 
to whether the point lower or higher up the hill, 
on stream-line d y where the gradient is 1 in 4^, is 
being referred to. 

It is no use trying for complete stationary soaring 
on the hill, with our glider, unless the wind velocity 
is 20 m.p.h. up the hill, because that is the least head- 
way vector of the glider. With less wind velocity 
the glider must inevitably advance. On the other 
hand, it is no use trying stationary soaring when the 
wind exceeds 36 m.p.h., for if it is 37 m.p.h. the 
only machine vector that can equilibrate it is one 
for a steeper pose than is permissible in the machine, 
or steeper gradient than is to be found in the wind. 
The glider will inevitably be carried back over 
the hill. 

We will assume the pilot likes his machine to fly 
down a 1 in 4 gradient relative to the air in order 
to have the slight margin of control, in the 1 in 5 
direction of working his elevator, that he will be seen 
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to stand in need of.' He will then have to wait till 
the wind rises to 25 m.p.h., as seen by the machine 
vector (4, 25) of fig. 29. 

Suppose, now, he takes his stand on the hill at 
the point (5, 0, higher) in the 25 m.p.h. wind. The 
wind vector — measured radially upwards — is then 
(5, 25) of fig. 29 ; but there is not a single machine 
vector available that will not give him a resultant 
absolute velocity into the ground, except machine 
vector (5, 20), which gives the resultant velocity of 
5 m.p.h. shown by the line (5, 25) to (5, 20). 
This velocity, unfortunately, causes the glider to 
vanish over the top of the hill. The rule under 
which the resultant absolute velocities are determined, 
is as follows : — 

Knowing, in fig. 29, the downward head- 
way vector of the machine, as its elevator is 
set at a given moment, and knowing the up- 
ward vector for the wind around the machine, 
join the lower ends of the vectors to complete 
the triangle of velocities. Then, the length 
of this closing vector and its direction from 
the end of the wind vector to the end of the 
machine vector, represent, respectively, the 
magnitude and direction of the resultant 
absolute velocity of the centre of mass of the 
machine. The direction of this velocity must 
not be expected to bear any essential relation- 
ship with the direction of pose} 
The glider will be carried over the hill, in like 
manner, until the start is made from a point as low 
down the hill as (4, a, higher), where equilibrium 

1 The direction of pose is approximately that of the machine vector. 
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between the two vectors, and therefore stationary 
soaring, just becomes practicable. 1 

Notice, therefore, by similar reasoning, that the 
very highest point on the hill where soaring is at all 
possible is where the hill's gradient is equal to the 
very best of the machine, or 1 in 5, at the point 
(5, 0, higher), and (see fig. 29) when the wind velocity 
is 20 m.p.h. As the wind increases, the highest 
soarable point travels down the hill, to vanish at the 
point (2, a) when the wind is 36 m.p.h. 

We have seen that, with the wind velocity 25 
m.p.h., stationary soaring can occur at the point 
(4, a, higher) ; but suppose the pilot now chooses a 
lower point, say (3, a, higher), and also chooses to 
keejp close to the ground, although this is not quite 
his wisest policy. The wind vector for the machine 
is, at the start, (3, 25), and the machine vector giving 
a resultant velocity in the direction of the ground 
slope, in order to keep from rising, is (3, 30). The 
resultant itself is (3, 25) to (3, 30), or 5 m.p.h. just 
above the grass, and the pilot cannot prevent the 
5 m.p.h. forward movement if he refuses to rise. Even 
with liberty to move as he likes the pilot cannot move 
away from (3, a, higher) with less absolute velocity 
than 2 m.p.h., directed about 50° upwards, for that is 
the shortest resultant that can be drawn, in fig. 29, from 
the wind vector (3, 25) to the machines vector curve. 

We are assuming, however, the glider keeps close 
to the ground, so that, as it goes forward, it is soon at 
the point (2^, a y higher) with wind vector (2^, 25) and 

1 In this marching down the hill the wind vector has obviously been 
changed from (5, 25), through (4^, 25), to (4, 25), where its extremity first 
intersects the characteristic headway curve. 
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machine vector (2^, 32^), giving resultant (2^, 25) to 
( 2 h 3 2 i)» or 7i ni.p.h. parallel with the ground. 
Similarly, at the point (2, a) the velocity over the 
ground is 11 m.p.h. After that point the velocity 
decreases till it becomes zero at the point (4, a> lower). 
Thus, once the glider gets at all within the stationary 
soaring point (4, a> higher) and insists on skimming 
the ground, it cannot be prevented from advancing 
to the point (4, a, lower), where it finds it can again 
accomplish stationary soaring. But inertia will carry 
it past (4, a, lower), say to (4^, a, lower). Now the 
resultant, parallel to the ground, of (4^, 25) of the wind 
and (4^, 23) of the machine, is 2 m.p.h. up the hill, 
so the glider, having overrun (4, 0, lower), will 
commence to retwm to settle to its stationary soaring at 
that point. That is a very beautiful automatic arrange- 
ment, but great numbers of experimenters, finding 
the machine beginning to go back over the ground, 
take fright, and desperately put an end to the soaring, 
usually by digging the nose into the ground in the 
instinctive but mistaken view that they have to gather 
speed. They do not realise that coming to rest and 
the backward movement over the ground are perfectly 
safe, seeing that the pose and headway are both in 
order. Of course, it is hard to steer with confidence 
when travelling backwards up the hill, but that merely 
reveals the initial unwisdom of clinging so closely to 
the ground. 

$ince the attainment of stationary soaring in the 
25 m.p.h. wind necessitates the machine being set as 
for a 1 in 4 glide in still air, we will assume the pilot, 
content to forgo his liking for the ground surface, 
takes his stand at point (2, a) with his machine set for 
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an ordinary i in 4 glide. The wind vector being then 
(2, 25), and the machine vector being (4, 25), the 
resultant velocity is line (2, 25) to (4, 25), or 6 m.p.h. 
at 70 upwards. When this velocity has carried the 
machine to the 1 in 2^ arched curve, the resultant has 
become changed a little to the line between (2^, 25) 
and (4, 25), and so on, causing the upward path of 
the machine to curve slightly through the points near 
where the stream-lines and arched curves are osculatory 
to each other. If the machine, through inertia, goes 
too far, say to the 1 in 5 arched curve, the resultant 
becomes the downward velocity of the line (5, 25) to 
(4, 25), and the machine returns to settle at the 1 in 4 
arched curve. That is to say, the machine, set for a 
1 in 4 glide, always finds itself in equilibrium, as 
regards inward and outward movement, at the 1 
in 4 arched curve, and consequently tends to hover 
of itself on that curve in a kite- like mcmner. Here 
again, numbers of experimenters, finding themselves 
leaving the ground at the point (2, a)> lose confidence, 
and steer down, and finding they must steer down 
very much to keep from going aloft (about 1 in 2), 
resolve to terminate the experiment in any violent 
manner that suggests itself, and blame the wind for 
" upsetting" them. On fixing the elevator of the 
glider as for a 1 in 3 glide, and putting on a light 
artificial load, they are surprised to find the glider 
starts an excellent slow glide on its own account, — 
it has no nerves. 1 The experimenter, when himself 
controlling the machine, should collectedly allow 
himself to float up at the normal pose, or, if he prefers 

1 Sometimes, the experimenter will find it floats gently enough, on its 
own account, at the end of a couple of ropes. 
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it, keep low, but without being alarmed at the steep 
pose necessarily accompanying this action at the 
commencement. 

If he starts at other points on the hill, with the 
machine set for a 1 in 4 gradient, he will also move 
nearly straight up in the air till he reaches the 1 in 4 
arched curve. The paths are approximately parallel 
to the middle one, and are easily determined in similar 
manner. 

Now, in rising as described, the experimenter may 
fear being blown back over the hill. Suppose, there- 
fore, he starts from the middle point (2, a) with the 
deliberate intention of moving back as much as 
possible. With wind vector (2, 25), the machine 
vector giving the most backward resultant is (5, 20), 
so, in the direction (2, 25) to (5, 2q) the machine 
commences to move. The path, after the next arched 
curve, is seen to change to the one (2^, 25) to (5, 20), 
and so on, giving, as a result, the path from (2, a) 
curving over the top of the hill. The optional paths 
from (2, a) are thus seen to range from forwards 
along the ground, to the backward curved path just 
mentioned — a most satisfactory range. These back- 
ward paths are also drawn for many other points, and 
those near (4, a, higher) are naturally the ones to 
which the interest of danger attaches, as will be shown. 

Suppose the experimenter happens to be at point 
e over the top of the hill. This corresponds to the 
wind vector ( 00, 25), and the most forward resultant 
velocity he can obtain is about 20 m.p.h., from (00, 25) 
to (2, 36), at about 65 downwards. The path is 
indicated by arrows in fig. 30, and will be seen to just 
take him safely within the 1 in 4 arched curve, after 
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which he may steer as he likes. But, if the experi- 
menter once gets into the black space over the top of the 
hill, his soaring is at an end y for he cannot possibly 
dive into the i in 4 arched space before reaching the 
ground. He must at once dive to the ground and land 
his machine, accepting the steep pose and high speed, 
accompanying such action, as the least evil that can 
befall him. If he once gets behind the hill he will 
have to land moving tail first over the ground} 
Though the black space is the positively dangerous 
space, the whole of the rear part of the arched curve 
should be avoided on account of the inconveniently 
vigorous movements of the elevator required to 
correct for trifling deviations from the stationary 
soaring condition. 

With the aid of fig. 29 and fig. 30 it is, accordingly, 
easy to obtain indications of the best policy to pursue 
to be successful in this class of soaring. First choose 
a long, smooth, sloping hill, with a profile roughly as 
shown in fig. 30, and with a steepest gradient of about 
1 in 2^, or a little steeper. On a day when the wind 
is blowing up the hill at a speed about 25 per 
cent, in excess of the least gliding headway of the 
glider being used, take up position at the steepest 
point of the hill, and float off the ground. Do not 
prevent yourself floating up under a vain hope of 
staying afloat where you are and at natural pose, — that 
is impossible, as has been shown. Therefore, allow 
yourself to float upwards ; but you will find you have 
practically complete control over the direction in which 
you move, and the safest plan to adopt is to steer 

1 Unless he prefers the alternative of landing with the wind, at a 
dangerously great absolute speed over the ground. 
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upwards at about 30 from the point you started from, 
and keep to that line. Acting on these instructions 
in the example of fig. 30, the machine will at first point 
steeply down, as for a 1 in 3^ glide. 1 But it will have 
a headway of about 29 m.p.h., and an absolute velocity 
of about 5^ m.p.h., and as it rises to stop at the 1 in 
4 arched curve its pose will reduce to that for a 
1 in 4 glide in still air. So long as the experimenter 
has steered up the 30 path, and kept to it even 
when coming to rest, he may have confidence the 
flattening out of pose and coming to rest relative to the 
ground do not arise from the upturning of pose and 
loss of headway he properly holds in dread. Yet, 
winds will die down, and he cannot then ignore head- 
way and keep in the 30 path. He must, therefore, 
resolve to keep to the 30 path only so long as this is 
consistent with proper headway ; but whenever he feels 
his headway become reduced below about 20 to 25 
m.p.h. he must steer below the 30 path, and forwards, 
even if his doing so terminates the glide — as will 
inevitably be the case when the wind sinks below 
20 m.p.h. 

As the wind dies down, the arched soaring curve 
extends outwards to the 1 in 5 curve by the time 
the wind has sunk to 20 m.p.h. For a little less 
wind velocity the 1 in 5 arched curve is merely 
distinguished by being the locus of the smallest 
absolute velocity in the machine, where the machine 
seems as if it is on the point of becoming 
stationary, but just fails to do so, and then proceeds 

1 Reason : — In fig. 29, a resultant line from the point (2, 25), and 
parallel to the 30 path in fig. 30, cuts the headway curve in point (3^, 29) 
and is of length corresponding to 5^ m.p.h. 
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onwards and downwards with increasing speed. 
With strengthening of the wind, on the other hand, 
the pilot will find that keeping to the 30 path 
involves moving backwards and downwards, till, 
when the wind velocity has risen to 36 m.p.h., he 
will find himself deposited on the ground at the 
point (2, a) from which he started. This will be 
accomplished quite safely, provided he expects it, 
and does not confuse the backward movement with 
loss of headway. It is a curious fact, to be noted, 
that the increase of the wind shrinks the soaring 
space, and the maximum dimensions of the soaring 
space occur with the weakest wind that will just 
make the soaring possible. 

The above advice presumes the experimenter 
knows how to balance a glider, but if he does not, 
he had better take up position near the point 
(4, a, lower). Stationary soaring on a 30 path is 
there practicable just above the ground, but usually 
only for a few moments at a time, because the 
variations in the strength of the wind cause the 
stationary point to advance and recede along the 
surface of the hill. The inexperienced pilot will 
not be prepared to follow these movements, and 
the absence of air-space below him will make the 
following of the movements actually require more 
skill than high up in the 30 path. As skill in 
balancing is acquired the start may be made further 
and further back, till, at last, the 30 path from the 
centre can be taken. 

Since the machine tends of itself to remain at the 
proper arched curve, it might be thought the pilot 
need not touch the controls beyond keeping the 
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machine facing the wind. Theoretically, in a steady 
25 m.p.h. wind, if the machine could be set exactly 
as for a 1 in 4 glide, that would be true, but the 
elevator cannot be set exactly as for a 1 in 4 glide. 
If set even as near as 1 in 3*99, a study of the 
vectors in fig. 29 shows the machine will gradually 
creep round the 1 in 4 arched curve till the ground 
is reached at (4, a, lower). If the machine be set at 
1 in 4 01, it slowly creeps round the arched curve in 
the opposite direction, till the dangerous black space 
is reached at the back. Though the pilot is necessary 
to keep these movements in check, his doing so 
requires less conscious effort than, say, the keeping 
of a cylindrical bottle in the centre of a tea-tray 
held in the hands, the bottle being rolling on its side. 
It is also easy to deduce that, in the 25 m.p.h. wind, 
the pilot can never execute a closed path either 
wholly inside, or wholly outside, the 1 in 4 arched 
curve, but he can always execute a closed path inter- 
sected by that arched curve. The semi-automatic 
character of the soaring is due to these peculiarities. 

As a means of remaining poised in the air, in a 
strong wind, stationary soaring cannot compete with 
a man-lifting kite, because the latter is not confined 
to a small locality. It cannot compete at all with the 
captive balloon when the air is calm. It can, accord- 
ingly, only be of interest to sportsmen, and those who 
have reasons for making experiments with motor-less 
aeroplanes. 

Birds do not practise stationary soaring to any 
noticeable degree, and probably for two principal 
reasons : — ( 1 ) The places where it is most easily 
executed are long bleak hills where the bird has no 
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wish to hover. (2) The times when it is practicable 
coincide with the existence of strong winds, when a 
bird can find all the soarability it wants anywhere it 
likes to fly. 1 

^ n %• 3°> several streams of arrows are drawn 
passing from the right downwards. These are useful 
in indicating, approximately, the most downward 
optional paths for the machine at any point within 
the 1 in 4 arched curve, and the most forward 
optional paths outside the 1 in 4 arched curve. The 
other streams of arrows, passing from left to right, 
indicate the most rearward paths possible within 
the 1 in 4 arched curve, and the most upward paths 
outside the 1 in 4 arched curve. The wind is sup- 
posed to have a velocity of 25 m.p.h. The wind 
has not, in reality, the same velocity everywhere 
above the hill, but the modifications of the general 
conclusions arrived at are not worth troubling about. 

It hardly needs pointing out that the experimenter 
in this class of soaring has to fly in a strong wind, 
and, consequently, to have a machine designed for 
the utmost stability in disturbed air. This does not 
necessarily mean that power of "running all by itself" 
which represents stability in the popular view, but 
the power of making its own adjustments to defeat 
the disturbing influence of a sudden change in the 
wind. To distinguish what is meant, and give the 
poor word " stability" a rest, we may say the machine 
must be designed with the utmost "flyability" — a 

1 As will be pointed out later, birds may be presumed to feel the air 
in soaring, and a form of soaring which can be shown to depend entirely 
on sight, and not touch, is not likely to be recognised by their soaring 
instinct. 
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somewhat inelegant but, it is hoped, expressive enough 
term. * (See Chapter XIII.) 

General Velocity Soaring 

Though stationary soaring is not adopted by birds, 
there is, as has been mentioned before, a common 
impression that the general soaring of birds is simply 
due to each bird keeping in a homogeneous upward 
wind. Such a conclusion is only too easy to arrive 
at. — Here is a bird gliding but not getting any closer 
to the ground, — what more natural than to suppose 
the wind is just carrying it upwards as fast as it 
tends to sink ? The simplicity of this explanation is 
more apparent than real, as will now be shown. 

Suppose a homogeneous column of air, ioo yards 
in diameter, is moving steadily upwards at 7 ft. p.s., 
and there are two similar birds, one inside that column 
and one outside it. The bird inside the column, which 
bird we will assume has a common gliding descent 
of 5 ft. p.s., relative to the air, knows, as it starts 
from the ground, that it is inside the column, because 
it can see the ground receding at 2 ft. p.s. But the 
sight test fails at perhaps 200 feet height, and birds 
are seen to soar up to 2000 feet or so. The sight 
test fails for the same reason that a man slowly 
drifting at sea, in a row-boat, cannot tell immediately 
whether he is approaching to or receding from a quay 
wall a couple of hundred feet away. The bird is 
worse off than the man because its eyes are nearer 
together, and judgment of approach or recession of 
the ground necessarily depends on the binocular 

1 A weight carried in front, on outriggers, is one of the simplest additions 
that may be made to promote this " flyability," (Chapters XII. and XIII.). 
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parallax. // is impossible for the bird to feel that 
it is in the column of air y for its flight relative to 
the air, and the magnitudes and directions of all the 
forces acting upon it, are identically the same as 
when it is outside the column of air. The bird can 
no more be dynamically conscious of its soaring, as 
by its sense of touch, than can a fish be when its 
aquarium is carried steadily upwards in a lift. 
Fig. 31, I., illustrates a 1 in 5 bird of headway 
2 5i" ^ P s -» an d so of normal descent of 5 ft. p.s., 
gliding level in consequence of there being an upward 
wind velocity CD, though any of the dotted winds 
having the same upward component will also keep 
the bird level. Notice that the downward pointing 
of the bird, and the forces acting, are precisely the 
same as they are during gliding in still air. In 
fig. 31, III., the bird is seen soaring upwards by the 
aid of an upward wind of 10 ft. p.s., but it should 
again be noticed that the pointing of the bird, and 
the forces acting, are absolutely normal. The effects 
of. winds of 10 ft. p.s., in other directions than the 
vertical, are also shown by dotted lines, but the pose 
of the bird, and the forces acting, never alter. For 
comparison, the same bird is shown in the corre- 
sponding acceleration soaring in fig. 31, II., and fig. 
31, IV. It will be seen that the diagrams of forces 
— copies of the diagrams of accelerations — are, in 
these cases, tilted, and so also are the poses of the 
bird. These comparisons will again be referred to, 
later. 

Since the bird, when higher up than 200 feet, cannot 
detect that it is in the upwardly moving column, either 
by means of sight or by means of touch, pure upward 
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velocity soaring, or soaring by means of a homogeneous 
upwardly-moving column of air, must be regarded as 
impracticable, except close to the ground, where, as it 
happens, upward winds are not usual. But the bird can 
always detect, by a sudden jerk, the moment of passing 
out of the boundary of the column, and this fact gives us 
a clue to the true nature of the nearest possible soaring 
to that which has just been pronounced impracticable. 
The assumption that there may be a column of air, 
100 yards in diameter, with a sharp boundary, moving 
upwards, is not true to Nature. An upwardly- moving 
column of air will usually have a fast-moving central 
axis, and less and less upward velocity away from that 
axis, so that it will be hard to say where the boundary 
lies. Now, if a bird is in the vicinity and heads 
straight for the axis, it will find itself in an upward 
structure gust, for it is moving from a place where the 
air has one velocity upwards to a place where it has 
a greater velocity upwards. The conditions of fig. 2, 
therefore, obtain. There is no doubt the bird can 
sense the direction of flight, at each moment, that 
gives the maximum upward pressure, and therefore 
head directly for the centre of the upwardly-moving 
column of air. But, having reached the centre and 
crossed it, it will, for similar reasons, find itself moving 
in a downward structure gust (refer to fig. 3) with the 
support of the air seeming to fail. This it will 
instinctively evade by turning round, and, again 
sensing the direction of maximum upward gust, it 
will again charge the central axis of the column. 
Thus, it will come to dwell near the centre of the 
upwardly-moving column, and therefore be carried 
upwards by the column. 

G2 
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In general soaring of this character the bird keeps 
wheeling about to keep hunting after the directions 
of maximum upward gust, and this most natural action 
automatically causes it to dwell within the upwardly 
moving patches of air more than within the downwardly 
moving patches. The popular view that soaring may 
be obtained from up-currents is thus justified, but not 
so far as it claims that this soaring is essentially 
simpler, and more obvious, and universal, than hori- 
zontal acceleration soaring. 

That the uniform wheeling soaring of the tropics 
is acceleration soaring, and not up-current soaring, is 
indicated by the fact that the bird usually points 
horizontally \ or even upwardly r , like fig. 31, II., or 
fig. 31, IV., as if drawn by an invisible tractor screw, 
and not downwardly as in fig. 31, L, and fig. 31, III. 
This observation, when made, is conclusive. 1 The 
uniformity of the soaring can also be shown to render 
the up-current explanation improbable, while the way 
all the circumstances of the soaring agree with charts 
like fig. 8 constitutes almost irresistible evidence 
against the up-current explanation. Finally, direct 
observations have often been made showing the 
absence of an up-current where the birds are soaring. 
It would add greatly to the knowledge of this subject 
if someone would send up amongst the soaring birds 
a small captive balloon (say about a yard in diameter), 
and observe its movements through a low-power 
telescope with cross-wires in the focus of its eyepiece ; 

1 Mr Wilbur Wright, in his paper read many years ago (1903), explained 
careful observations he had made to show the wings of the soaring 
buzzards pointed upwards at about 5 angle of incidence. These did not 
support the up-current theory ; they are the very observations required 
to support the horizontal gust theory. 
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or, alternatively, photograph the balloon once a second, 
with a fixed camera. The author believes the balloon 
would be found to be executing loops of about 20 feet 
diameter in about a dozen seconds or so. Observations 
of the spiral manner in which narrow chimneys deposit 
their smoke plumes in the atmosphere indicate, to some 
degree, the fact of the air having such circular move- 
ments in calm, hot weather ; but chimneys are too 
near the ground to furnish evidence of great value. 1 

1 It is rather curious that (at least so far as the author is aware) the 
uniform movement of clouds across the sky is taken for granted. Have 
no observations been made to determine fluctuations of velocity having 
a period of about a dozen seconds or so ? Balloons have been observed in 
the manner suggested for clouds, but not at close enough intervals of time. 



CHAPTER IX 

THE POLICY OF THE SOARING BIRD 

The many varieties into which soaring may be ana- 
lysed creates a desire to see general soaring reduced 
to some simple, comprehensive, straightforward policy 
on the part of the bird. 

Referring to fig. 5, AE is the best soaring path in 
the virtual level, and to keep in that path, from 
instant to instant, the bird has simply to use its 
11 elevator," at all times, to keep constant headway (that 
keeps it in the virtual level), while using its " rudder " to 
find the steepest upward pose (that finds the path AE). 
In adopting this policy the bird is using its sense of sight > 
and in the continuous unidirectional gust (unknown to 
Nature), only the apparent direction of the ground 
can distinguish the path AE from the path AG or any 
other path in the virtual level. But, as regards each 
fresh gust, the sense of touch will always commence the 
soaring, for the bird has simply to steer to the side 
from which it feels the gust pressure come, and use 
its " elevator " to keep constant the headway. As fresh 
gusts are always commencing, or adding themselves to 
the existing one, the bird keeps itself in a perpetual 
state of commencing fresh soaring, and so obtains a 
good average soaring effect. This policy carries the 
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bird through all the wheeling soaring up to fig. 12, and 
avoids the non-soaring condition of fig. 1 3. 

Asymmetric soaring, positive and negative, usually 
surrenders itself, whether wanted or not, without any 
definite policy ; but delay soaring requires the simple 
natural policy of charging as fast as possible into the 
head gust to obtain a good rise at the end. The 
combined policy of the bird to obtain both wheeling 
soaring and delay soaring is thus seen to consist in 
wheeling about to keep heading the gusts, and charging 
as fast as possible into each head gust when it is at its 
strongest, and steering up with more or less of a jerk 
when it is at its weakest. Nothing could be imagined 
more natural and in accordance with the instincts of 
either man or bird in connection with obtaining the 
utmost lift from the gusts. 

It is easy to see that the same policy captures the 
available structure gust soaring in combination with 
the pure acceleration soaring. When the bird seeks 
out the direction of the head gust from instant to 
instant, and delays rising, it is solely concerned with 
the head gust as a head gust, without reference to its 
causes. For example, in fig. 20, the bird is simply 
flying, each moment, in the direction of the maximum 
head gust. 

The above simple policy will not secure the 
stationary soaring of fig. 30, but we have the 
significant fact, mentioned before, that birds are 
rarely, if ever, noticed practising stationary soaring. 
Since soaring birds probably act by the sense of touch, 
a soaring in which the force reactions are absolutely 
the same as in still air must remain unrecognised by 
them. 
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General velocity soaring, or that soaring effect 
obtainable by dwelling nearer the centres of the 
upwardly-moving patches of air than away from them, 
is accessible to the bird by a simple policy depending 
on the sense of touch. The bird has only to wheel 
about to hunt after the direction which, at each instant, 
gives it the maximum sense of upward gust or pressure 
from below. 

Therefore, the grand policy of the soaring bird, 
that, in proportion to the birds manoeuvring capacity, 
obtains all the available soarability in the air, consists in 
wheeling about to seek, at each instant, the direction of 
the maximum upward head gust, and at the same time 
delaying rising and falling to the increases and decreases 
in the strength of the head gust. 



CHAPTER X 

COMPARISON OF SOARING AND NON-SOARING BIRDS 

In the discussion of soaring flight it was shown that 

the bird can only obtain soaring effect in proportion 

to its allowing its path through the air to be dictated 

by the wind gusts instead of by its own wishes. Now 

birds may be divided, broadly, into two classes ; — 

(i) those that employ their time flying short distances 

from place to place ; and (2) those that live in the 

air on a grander scale, make flights of long duration, 

and have no particular wishes as to the direction of 

flight from moment to moment so long as they keep 

afloat The first class naturally contains the non- 

soarers, and the second class the soarers. 

A good representative of the first class is a wood- 

pigeon. Such a bird's average flight is one of a few 

hundred feet from one tree to another, and it cannot 

find it worth while waiting five minutes or so till a 

favourable gust will allow it to pass from one tree to 

the other without flapping. Then, when it is under 

way, it cannot trouble to execute loops and turns in 

a path that it cannot be sure will terminate at the 

tree to which it is wishing to fly. Finally, the short 

flights, with frequent rests, make it unnecessary for 

such a bird to economise its strength. There is, 

therefore, every reason for wood-pigeons having the 
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habit of flying straight to their goals, without any 
noticeable attempt at soaring. 1 

A good representative of the second class is the 
albatross. This bird has been forced, by the struggle 
for existence, to seek its living cruising over the 
oceans, and practically living in the air. Economy 
of musculaV energy is practically a necessity, and it 
is easy to realise how, in past ages, the first rudi- 
mentary development of an instinct for soaring would 
be cultivated, by natural selection, till it reached the 
present stage of development, at which it is main- 
tained. Since, for obvious reasons, except at the 
moment of picking up food, the albatross is indifferent 
as to the exact path it takes through the air, it can, 
and no doubt usually does, take almost the best 
soaring path possible from moment to moment. 
Taking advantage of the opportunities around it, its 
speciality is soaring close to the surface of the sea, 
by the air disturbances due to the waves. This is, 
of course, a form of structure gust soaring ; but the 
albatross by no means neglects the other varieties 
of soaring, which it demonstrates to great perfection 
when at a considerable height above the sea. 2 

Very perfect soaring is also practised by the birds 
which have to keep afloat over the great hot plains 
of the earth, that are, in a sense, solid oceans. The 

1 In past evolutionary times, during the millions of years that have 
formed the race of wood -pigeons, these birds, far more than in present 
times, have lived in perpetual fear of birds of prey. Only strong muscular 
flight in directions determined by their own necessities, without regard to 
soaring, has been serviceable to them. 

2 So seldom is the albatross reported to be seen flapping, that it may 
be suspected of a kind of wheeling soaring on a very grand scale, in 
which it avoids, from day to day, the regions (such as dead- calm regions) 
with meteorological conditions unfavourable to soaring. 
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evidence seems to show that the air over these hot 
plains is often in the jelly-like oscillatory state of 
movement referred to in Chapter III. of this 
work, and the speciality of the birds is uniform 
wheeling soaring merging into to-and-fro wheeling 
soaring, and aided by up-current velocity soaring. 
The birds, to suit the conditions of their existence, 
are of very light weight per square foot, and low 
headway, a type that would be unable to contend 
with the stronger winds of our English climate. 

In Northern Europe, soaring birds are not con- 
spicuous, because the strong winds, as has been 
suggested, make it necessary for the birds to be 
rather heavy per square foot, and of considerable 
headway. This makes them unable to capture a 
great deal of the wheeling soarability of the air, and, 
as a consequence, their speciality is delay soaring 
in boisterous weather, aided, to a moderate extent, 
by wheeling soaring and velocity soaring. To this 
class belong the gulls, and, to a lesser degree, the 
swifts and swallows. The reason for the swallows 
being soaring birds, though living locally for half 
their lives, is not far to seek. Great numbers that 
fall below a certain standard of soaring ability are, 
every year, killed by fatigue, or drowned in the seas, 
during their migration. It may be pointed out that 
delay soaring, involving a lagging reaction to the 
gusts, is precisely the kind likely to be discovered 
by, and perpetuated in, a race of birds subjected to 
the same fatigue test as the swallows. 

Intermediate between the gulls and the wood- 
pigeons are the rooks, which seldom soar without 
flapping, but show considerable discretion, at times, 
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in availing themselves of the more pronounced aerial 
disturbances. 

It will be understood, that, because a bird, even a 
wood-pigeon, is flapping, it must not be assumed to 
be not soaring at all. The two modes of flight are 
supplementary, and it would prevent soaring being 
relegated too much to the background if it were to 
be regarded as the fundamental mode of bird flight 
(the air is never quite still), aided, according to 
necessity, by flapping. 



CHAPTER XI 



HUMAN SOARING 



In the absence of anything like complete data as to 
the structure of the atmosphere, in any locality and at 
any particular time, it is difficult to predict how far 
human soaring may be developed. Wheeling soaring 
depends, as shown, on manoeuvring power, and there is 
small hope of aeroplanes or gliders ever being manage- 
able enough to secure as much wheeling soaring as the 
birds obtain from the gusts. The highest type of 
wheeling soaring is the uniform soaring of the chart 
of fig. 8, and few gliding pilots could undertake to 
turn circle after circle in about 1 2 to 15 seconds, such 
as the chart suggests is necessary in this soaring. 
The tortuous character of fig. 25 suggests even greater 
difficulties in the way of general wheeling soaring. 
However, it must be remembered that, in fig. 5, the 
path AE is only the best path in the virtual level ; 
those several degrees to either side, into and out of 
the paper, being little inferior. It thus comes about 
that a glider steered on an average straight course, 
without making any loops, might obtain a fair amount 
of wheeling soaring aid from the gusts by simply 
swerving left and right to the side on which the 
virtual level happens to be tilted up from moment 

to moment. The expert pilot who does not trouble 
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about formal science will be acting in the correct sense 
if he keeps steering to the side from which the wind 
gusts seem to attack him. What he calls the " wind," 
in this connection, will really be the element of wind 
added {in vector sense) to the wind, that is, acceleration 
and not wind; but, so long as the pilot acts correctly, 
terminology is a detail. 

If he wheels about, not only to the side from which 
the wind seems to attack him, but, in addition, to the 
side from which the wind seems to attack him in an 
upward direction, he will secure a certain amount of 
upward-current soaring in his wheeling soaring. 

If only a pilot could cultivate the habit of systemati- 
cally delaying rising to the head gusts, he would, no 
doubt, obtain very considerable aid to flight of the delay 
soaring variety ; but, with present-day machines, in 
weather in which soaring is possible, the pilot's atten- 
tion is so much engaged in defeating the attempts of 
the sudden gusts to disturb his balance, that he has no 
time to cultivate the more refined art of soaring. That 
may be remedied in time. 

Stationary soaring, of the kind described in connec- 
tion with fig. 30, is already easily practicable with suit- 
ably constructed gliders, but, compared with general 
free soaring, it is of little interest. It is likely, how- 
ever, to prove a convenient means of getting afloat 
and obtaining practice in the general free soaring. 



CHAPTER XII 

automatic stability and soaring 

Practical Lines of Development 

It will be seen, in fig. i, that the first stabilising im- 
provement suggested for the aeroplane is the conver- 
sion of the wavy path AH into the damped path A I. 
Now, the common way of damping the aeroplane is to 
add a large tail surface or empennage. This, however, 
only defines the path AH more obstinately than before, 
unless the empennage is made with considerable spread 
in the fore-and-aft direction {e.g. placed in apteroid 
aspect), when there is a resistance to making very 
sharp turns relative to the air. 1 It is often overlooked 
that the air itself is sometimes turning sharply, and 
then this damping becomes a source of disturbance. 
Seeing that AD (fig. i) is, in effect, gravity, and AB 
a component which is balanced, at the moment, by the 
lift of the aeroplane, 2 it is evident that the straight 
line AC will not be left if the headway, as the cause of 
the lift, be kept constant. One way of doing this is 

1 The " washed-out " ends to an aeroplane's wings often co-operate with 
the tail empennage to produce a very effective combined empennage of 
the kind in which there is a surface near the body of the machine, also 
travelling edgewise through the air. The two have a considerable moment 
relative to each other, and some power to define a straight path relative 
to the air. (The improved flight of battered models is a related subject.) 

2 This is, of course, the familiar static or force point of view, but 
employing AD as gravity. 
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to provide a propeller D (fig. 32, I.) that will give a 
backward thrust to check the tendency to increase of 
headway. 1 This propeller is entirely wind-driven as a' 
wind-driven fan, and it acts as a damper by the simple 
process of resisting, through its fly-wheelage, change in 
its speed of rotation. This resists the too rapid changes 
in the headway of the aeroplane, and so resists the de- 
creases and increases of headway that determine the 
descents and ascents of the wavy path AH (fig. 1). 
The device absorbs very little power in steady flight, 
because it is then only running idly as a wind-motor 
specially designed to have as small a no-load loss as 
possible. 2 When the headway of the aeroplane is 
changing, the fan does dissipate energy, and there 
would be good reason to doubt its power of damping 
if this were not so. 

A fan of somewhat less size, but equal damping 
effect, may be employed when it is mounted, as shown, 
at a height above the main plane, so as to have a 
leverage by which to turn the main plane gently as if it 
were a huge elevator. The designer of such appliances 
has to pay great regard to the principle of maximum 
advantage in design. That is to say, because some fly- 
wheelage, or inertia, or constancy of speed somewhere 
is a good thing to have, it does not follow that the 
rule of "the more, the better" applies. So also with 

1 At this point, the fan's up-turning action upon the machine is not 
referred to, but only its augmentation of the head resistance as the 
machine tries to gather speed. For the moment, consider the fan D not 
elevated. 

2 The fan has thin smooth blades of symmetrical section and constant 
pitch throughout. It is also journalled on ball bearings so that it shall 
normally run as near to zero-slip speed as possible. Fly-wheel masses, 
the addition of which should not be overdone, may be added near the 
blade tips. 
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the height of this fan. As regards combinations of 
things, it often happens that several combinations will 
give equally good results, but each best combination is 
exceedingly difficult to discover. 

One advantage of the elevated fly-wheel fan is that it 
helps to extricate the aeroplane from the dangerous 
situation in the downward rear gust of fig. 4, by pulling 
forward the top of the aeroplane, for a few moments, 
as it tends to lose headway, until the violence of the 
gust has abated. These are just the moments when 
the common elevator controls are powerless to do like- 
wise, owing to the decline of headway. 1 

When such elevated fan is fitted specially with a view 
to soaring, it has the singular property of causing the 
aeroplane to tend to keep in the constant-headway 
virtual level from moment to moment, and of doing 
so in a damped dead-beat manner as regards the 
changes of pose. For example ; if the aeroplane, 
in fig. 5, is moving along AF when the gust attacks, 
the fan will quickly place the aeroplane in the path 
AE, and without oscillation. So far as this is done 
automatically, the pilot who is striving for wheeling 
soaring has no more left to do than to steer right 
and left to seek, from instant to instant, the steepest 
upward pose, or, alternatively, to head into the gusts. 

Referring back to fig. 1, and again viewing it from the 
familiar statical point of view with AD as gravity, the 
turning up into AH depends on the lift growing greater 
than AB under the influence of the increase in speed, 

1 The elevation of the fan, though increasing the damping of the free 
oscillations, also gives rise to disturbances of pose in rear gusts and head 
gusts. These disturbances are* advantageous in rear gusts jeopardising 
the headway ; in head gusts they are easily compensated for by the down- 
dipping effect of pp. 98, 99, etc. 
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exactly as stated before. But, though the lift can be 
kept down by resisting the increase in headway, it can 
alternatively, or additionally, be kept down by decreas- 
ing the angle of incidence of the lifting planes. A way 
of arranging this was described by the author in an 
article on " Longitudinal Stability in Gusts," in Aero- 
nautics x of February, 1 9 1 2. Described here in a briefer 
and more general manner, the method consists in 
placing a centre of mass W (fig. 32) forward of the 
machine to make it front-heavy, and counteracting this 
by an up-steering effect due to a springily-mounted 
elevating plane, 2 T. Owing to the springy tail frame 
ensuring the up-steering plane T being pressed upon 
with a substantially constant force by the air, it becomes 
impossible for the centre of mass to be pulled away 
from the straight path AC (fig. 1). The least increase 
in lift on the main planes simply tilts the planes round 
the centre of mass, and reduces their angle of incidence ; 
or, in an alternative view, it turns the main plane and 
the tail in a down-steering sense relative to each other, 
to just the degree necessary to prevent the centre of 
mass being pulled up from its level path. 8 The action is, 
in kind and degree, that of an ideally vigilant aviator} 
When the rigid portion of the machine has a retreat- 
ing centre of pressure with decreasing angle of in- 
cidence, or a permanent down-steering tendency, or a 

1 Reprinted on page 117. 

2 In the drawings of fig. 32, the springy tail is supposed to be constructed 
of cane. A front elevating plane can be used, if preferred. 

3 Because, of course, the endeavour to pull up the centre of mass is 
the cause of the bending of the machine. (See Article III., pp. 123, 124.) 
The machine is supposed to have no moment of inertia. 

4 This may seem an extravagant statement, but, as a matter of fact, it is 
a compliment to an aviator to say he succeeds in flapping his elevator 
as correctly as this automatic appliance. 
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negative righting tendency, — these are various ways 
of saying the same thing, — the machine dips down to 
the head gust ; and it is now possible to add a slow- 
acting, overtaking, righting tendency — indispensable 
even when disturbance is substantially eliminated — 
and so obtain a self-righting machine which, in 
gusts, takes paths like AL (fig. 1) instead of paths 
like A I. This machine, consequently, realises the 
improvement indicated on page 7. The necessary 
slow-acting righting tendency is easily provided by 
a small "slow-fan," F(fig. 32), arranged to wind up 
or let down an elevator, under the influence of ex- 
cessive or defective headway, respectively. With such 
arrangements added in a somewhat exaggerated degree, 
the machine tends to pursue the delay soaring path like 
that shown dotted in fig. 1 4, and the author has found 
that, besides improved stability, a certain degree of 
automatic soaring, as an aid to flight, is already practi- 
cable when such devices are properly designed in ac- 
cordance with the principles underlying their action. 

Though the author refers to appliances of his own 
invention, they are only mentioned as simple examples 
of practical methods of satisfying the stabilising con- 
ditions revealed by fig. 1 to fig. 5, and some of the 
soaring conditions referred to later. Other simple 
appliances functioning similarly, if known, may be 
substituted as examples, but it would not do to discuss 
them in these pages. 

Fig. 32, I., shows, diagrammatically, the general 
appearance of the more simple models employed by 
the author in connection with these studies. The fan 
F is a small piece of thin wood-veneer bent into the 
form of a fan of such exceedingly long pitch that the 
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blades are nearly edgewise to the wind. The fan is 
mounted on a double cotton thread or cord which it 
twists and shortens under the influence of the relative 
wind, and so winds up, and keeps in adjustment, the 
springy rod carrying the tail plane. 

For flying in still air the fans D and F may be 
removed, and the tail-rod be made rigid, for the practical 
problem of stability vanishes in still air. Many models 
will also run quite well in some gusty air, without the 
damping fan D, and some light models have even 
been made to run well with only the damping fan D, 
and no fan F, and no central tail. 1 

The chief principle underlying the model is that of 
having a. yielding connection between the elevator and 
the main plane, and it is obvious the tail plane may be 
rigid and the main plane be made to yield. This is, 
no doubt, the underlying motive in those machines 
designed with flexible rear edges to the main planes, 
but it does not seem the principle can be carried to its 
logical conclusion when only part of the lifting surfaces 
yields. Moreover, whenever this principle is carried 
out thoroughly, so that the machine has the momentary 
negative righting tendency for gusts, a slow adjusting- 
fan F is practically indispensable to give the machine 

1 These models should not be launched from the hand, but from a 
proper launching device that allows them to run several feet, at proper 
headway and pose, before release. A common rigid model is put in 
proper relationship with the air immediately it is released at proper pose 
and proper headway, but the model of fig. 32, I., requires, in addition, that 
the fan D should be rotating at full speed, and the fan F be fully wound, 
but not over-wound. Hand launching may be resorted to if there is a good 
deal of air space, below the launching platform, in which the model can 
"set" itself, but if a model shows it requires, say, 100 feet travel and 20 
feet drop in which to " set" itself, it is futile thinking to shorten these by 
darting it at high speed, or up at the sky. The result is merely an erratic 
path, which may be explained but is not at all satisfactory to view. 
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a slow, overtaking, positive righting tendency. (See 
page 127.) 

In fig. 32, II., a standard monoplane is shown 
robbed of its neutral empennage, which is replaced by 
a springily-mounted tail T with adjusting fans 1 F, and a 
fixed supporting tail plane M v Each of these auxiliary 
planes may be about half the area of the original 
empennage, and, having equal and opposite steering 
effects in normal flight, they may be regarded as 
the equivalents of the removed empennage. If, 
however, this construction results in M and M lf con- 
sidered together as one rigid, compound, main plane, 
having a positive righting tendency, a weak negative 
righting tendency should be formed by tilting the 
plane M x to a greater angle of incidence, and at the 
same time cutting down its area. The area removed 
may be added to T. In general, the angle of incidence 
of M x must be greater than that of M. The pilot is 
left with his original flap elevator E for occasional use 
so far as the automatic arrangements do not always 
act as he wishes. 

Now, planes M x and T are not only equivalent to 
the empennage, in ordinary flight, but are equivalent 
to the empennage and the pilot, in disturbed air. 
A head gust, for example, squeezes M t and T towards 
parallelism, and, therefore, turns the equivalent empen- 
nage in a down-steering sense. Seeing that the 
exciting cause is the refusal of the weight W to be 
suddenly raised when T is preserved constant by the 
springiness, it is clear the down -steering of the 

1 One or more at each side of the propeller's draught They are very 
simple, and in three or four lies complete security in case of breakdown 
of any one. 
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equivalent empennage is an exact substitute for that 
down-steering of the elevator E, which the pilot would 
otherwise have had to execute. Since E is a flap, 
and the tail fuselage is raised by the automatic action, 
E will be tilted, by the wind, with respect to the 
machine, but without the pilots intervention, and 
only on account of its moving to remain inactive. 
If the pilot keeps his hand passively on the control 
lever pf E, he will find his hand actuated by the 
elevator. 

The experimenter is not under the necessity of 
applying this control in full degree, at first, if he does 
not wish, to his standard machine, as may be seen by 
supposing M x to be turned slowly to zero angle of 
incidence, at the same time that the fan-cord F is 
gradually slackened till T flaps out uselessly in the 
wind. The aeroplane is then back in its original fixed 
empennage condition, and, in disturbed air, the elevator 
E will again have to be vigorously operated by the 
pilot, much to his dissatisfaction. 

The damping fan (like D) may not be a very necessary 
addition to this aeroplane if the propeller is large, and, 
as usual, driven by a heavy rotary-cylinder engine 
having a good deal of fly-wheelage. The existence of 
the special stabilising properties of these engines is 
partly accountable for their popularity for aeroplane 
work. Not only does the fly-wheelage help to steady 
the speed of the propeller, but the large amount of 
power required to whirl the cylinders against air- 
resistance also helps to steady the speed of rotation. 
The cylinders of some engines are said to take one- 
fifth of their horse-power to whirl them round, or 
about one-fifth of the full-load torque of the engine. 
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Since this torque sinks with the square of the speed 
of rotation, while the mean indicated engine torque 
keeps fairly constant, or even increases, a fall in speed 
of rotation automatically releases a torque available 
for driving the propeller to prevent the speed of 
rotation falling as much as it otherwise would have 
done. The speed of rotation is correspondingly 
steadied when it tends to increase, — the cylinders 
demand more torque to whirl them round. 

Multiple-propeller schemes, with several engines, are 
at present coming into fashion with designers, and 
they certainly tend to promote propeller stability. It 
may plausibly appear, that, to have the second propeller 
positively driven by a heavy (and expensive) engine, 
must be better than only adding fly-wheel effect ; but 
too powerful and sustained a thrust, and a too rapid 
and sustained increase of thrust with decrease of head- 
way, are liable to promote a kind of instability referred 
to by the present author in an article, " Propellers as 
Disturbers of Stability," in Aeronautics 1 of September, 
191 1. Moreover, power-driven propellers cannot be 
appreciably elevated. 

Fig- 3 2 » II I-» shows a glider of a form which has 
been found very suitable for the stationary soaring 2 
described in connection with fig. 30. The glider has 
an independent mass w (a 10-lb. bag of shot, for 
example) carried in front, on outriggers. This is 
compensated for by the yielding tail plane T, as 
already described. The flap elevator E is under the 
control of the pilot, but he has only passively to follow 

1 Reprinted on page 109. 

2 And, to some extent, delay soaring, in which stationary soaring 
provides opportunity for practice. That is one use of stationary soaring. 
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its movements with his hand, apart from the deliberate 
steering movements described in connection with fig. 
30. As regards mere balancing movements of E, he 
will find E actuates his hand, and not vice versd. The 
tail T is not absolutely necessary to a self-reliant pilot 
who is confident he can maintain a steady downward 
pressure, on E, and yield his control lever to changes 
in the pull of E. Alternatively, E may be maintained 
in position by springs adjusted now and then by hand, 
and also, if desired for safety, by a fan F. The stabil- 
ising action of the weight w exists, but to a very 
inferior degree, if it is otherwise compensated for than 
by an up-steering elevating plane. 

An elevated, wind-driven, damping fly-wheel fan is 
not always indispensable in the glider shown. 

In some cases, two front masses w, one towards 
each extremity of the wings, may be employed, so 
that, acting as before, each one tends to warp the wing 
on its own side in the event of a gust suddenly tending 
to disturb the lateral pose. The most valuable practical 
property of such side weights consists not only in their 
themselves warping the wings, but in their prompting 
the pilot to handle his lateral control correctly in 
sudden gusts. He literally feels sudden changes in 
lateral pose. When the tips of the wings are as shown 
dotted in fig. 32, I. — a construction of itself promoting 
lateral stability — the side weights may over-correct 
for each gust, or tend to dip the side of the aeroplane 
down momentarily into each side gust. This is 
advantageous from the point of view of delay soaring, 
as well as stability. 1 

1 Up^ulled rear flaps, similar to those of some Austrian machines, were 
also adopted by the author, in 1909, as an aid to these arrangements. 
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Automatic Wheeling Soaring 

It has been suggested that, with a fan D (fig. 32, 
I.) helping to keep the machine in the virtual level, 
left and right turning to head the gusts should be 
performed by the aviator when he desires to pursue 
wheeling soaring. But, whenever a fresh gust 
commenceSy a glider generally heads into that gust 
automatically. How far this may be relied on in 
developing entirely automatic wheeling soaring the 
author is not quite prepared to say. The question 
is one of considerable difficulty. Continuous auto- 
matic soaring up the path AE of the continuous 
unidirectional gust of fig. 5 is, at least, absolutely 
hopeless, because only the sense of sight, as a means 
of directly perceiving the upward pose, can distinguish 
AE from other paths in the virtual level, and keep the 
machine in the path AE. But the obtaining of an 
average wheeling soaring effect in fluctuating gusts is 
not necessarily an insoluble problem. 



CHAPTER XII— continued 

REPRINTED ARTICLES 

I 

Propellers as Stabilisers 

Prefatory Remarks. — The following brief article, contributed by 
the present author to Flight of October ist, 1910, was intended 
to call attention, very simply, to the stabilising effect of propellers, 
in disturbed air, so far as such propellers act to resist fluctuations of 
headway. The stabilising effect of a wind-driven fly-wheel fan, such 
as D of fig. 32, I., is of substantially the same nature as that of the 
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power-driven propellers referred to in this article, but with additional 
advantages due to the permissible elevation of such wind-driven fan. 

A large propeller is advised, and, from the point of view of the 
article, it is regarded as an irrelevant detail that a single power-driven 
propeller beyond a certain size is not actually employable because of 
the powerful lateral counter-torque upon the aeroplane. The trouble 
is easily overcome by using two oppositely rotating propellers, and 
then the advice as to size, etc., applies to each of these. There is 
never any counter-torque with a wind- driven fan, on a frictionless 
bearing, however large the fan may be. 

It will not be overlooked that the rotary-cylinder engines, with 
their considerable fly-wheelage and air resistance to the whirling 
cylinders, already conform to some of the recommendations of this 
article; and, as has been said on p. 102, the stabilising effect of 
such engines is no doubt one of the causes of their superiority for 
aeroplane driving. These engines, however, being heavy, are apt to 
be credited with more fly-wheel effect than they really possess, for 
their radii of gyration are not very great, and fly-wheel effect is 
proportional to the square of the radius of gyration. A given weight 
of fly-wheel is more serviceable when applied to an independent 
wind-driven fly-wheel fan, because there is less restriction to its 
change of speed, and consequent output of energy, in emergency. 

The disadvantages of making the thrust increase too fast, or in 
too sustained a manner, with loss of headway (as by using very 
large, or several engines), are indicated in the article " Propellers as 
Disturbers of Stability " (p. 109), following the one below. 



The stabilising effect of the propeller upon an aero- 
plane seems to be somewhat neglected, but perhaps 
this is because in full-size aeroplanes, as at present 
constructed, the stabilising effect is not so great as it 
is in some of the lighter elastic-driven models. 

An aeroplane is almost invariably given a certain 
degree of automatic stability by first forming it so that 
the centre of pressure moves forward with a diminution 
in the angle of incidence, and then placing the centre 
of gravity where the centre of pressure lies during the 
desired steady flight. It is well known how the centre 
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of pressure then moves forward, and steers the aero- 
plane up if it tends to dive; and how the centre of 
pressure moves backwards, and steers the aeroplane 
down if it tends to sweep up. It is also well known 
that such an aeroplane sweeps up to a sudden head 
gust, and down to a sudden rear gust. Why the aero- 
plane does not merely rise to a sudden head gust, but 
also rotates in an up-steering sense, is, however, not 
always made clear, for the head gust does not primarily 
alter the angle of incidence to bring the centre of 
pressure forward. The primary effect of the head gust 
is to increase the lifting force upon the aeroplane with- 
out rotating it, but once the aeroplane begins to move 
upwards, without being rotated, it is moving more 
edgewise through the air, and the angle of incidence 
is reduced. The centre of pressure does then move 
forward, and the up-steering torque is produced as a 
secondary effect of the gust. 

It is evident that the disturbing effects of the head 
gust and rear gust, upon the pose, are caused by the 
changes in velocity relative to the air, and will be 
prevented by anything which keeps the relative head- 
way constant. Now this is exactly what the propeller 
tends to do, for it is essentially an appliance for driving 
the aeroplane at a certain speed through the air. 

When the aeroplane is flying steadily, horizontally, 
it shows that the propeller's thrust is just equal to the 
head resistance. If the relative headway then tends 
to increase or decrease, in consequence of a head gust 
or rear gust, the head resistance is increased or 
decreased respectively, while the propellers thrust is 
decreased or increased. The alteration in relative 
headway is therefore opposed. 
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The features favourable to this form of stability, and 
the reasons why, are : — 

(i) A Large Propeller. — This will drive the aero- 
plane on very small slip, and therefore be likely to give 
large changes in thrust for small changes in slip or 
relative headway. 

(2) Means for Preserving the Rotation of the Pro- 
peller against Sudden Change. — This may take the 
form of fly-wheel energy, especially in full-size aero- 
planes. In elastic-driven models, friction in the pro- 
peller bearing, or certain forms of inefficiency in the 
propeller, will have the same effect. If, for instance, 
the torque of the elastic is overcoming much resisting 
torque independent of the slip of the propeller, the 
speed of rotation will not vary greatly with changes 
in the slip or relative headway. 1 

(3) A Light Aeroplane. — This enables a small thrust 
to drive it, and the large propeller will be working on 
still smaller slip than otherwise, and have its thrust 
most sensitive to changes in slip or relative headway. 
The light aeroplane is also rapidly accelerated, back- 
ward and forward, by the small thrusts which act to 
keep the relative headway constant. 

These features are characteristic of most successful 
elastic-driven models, and are little in evidence in the 
heavy full-size aeroplanes, with their small propellers 
without added fly-wheel effect. 

The propeller-induced stability is primarily longi- 
tudinal in nature, but, in most aeroplanes, lateral loss 
of balance depends so much on loss of headway, that 
the propeller indirectly aids the lateral stability also. 

1 The rotary- cylinder engines, as has been mentioned on page 102 of 
this book, comply, to some degree, with these conditions. 



Propellers as Stabilisers 109 

From one point of view, the aeroplane, stabilised in 
this manner, may be simply regarded as following the 
longitudinal movements of the air so closely as to be 
virtually always flying in calm air. The velocity 
relative to the ground, it will be noticed, is made 
variable to the degree the relative headway is made 
invariable. 

II 

Propellers as Disturbers of Stability 

Prefatory Remarks. — This article, reprinted from Aeronautics of 
September, 191 1, contains a standard type of diagram (fig. 34) of 
simple construction, but of great utility in the graphical theory of 
the aeroplane. One use it may be put to is that of explaining the 
self-righting property of a common rigid glider obeying the law of 
constant attitude to its trajectory. Thus : — After reading the article, 
it will be seen that the glider for which the diagram is constructed 
cannot glide more level than AF, its common gliding path, because, 
in the absence of the forward propeller thrust indicated by the 
appropriate point on the circle AEHC, the glider cannot maintain 
the speed and lift necessary to prevent its path (and pose) bending 
down. Similarly, it cannot remain in a steeper downward path, 
because, in the absence of the "backward total thrust required" (see 
circle), it will gather excessive speed and lift, and these will 
necessarily cause the path (and pose) to bend upwards. 

The article contains an implied caution against over-engineing 
or over-flywheeling the propulsion of an aeroplane, and this caution 
should not be overlooked, now there is a tendency for new machines 
to be constructed with a view to obtaining a deal of the propeller 
stabilising effect referred to in Article I., preceding this article. 



In the aeronautical journals there has lately been 
exhibited evidence that the influence of propeller thrust 
upon stability is attracting attention. The following 
graphical method of dealing with the subject has been 
employed by the writer, and seems to bring out the 
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essentials in a broad and comprehensive manner, from 
the chosen point of view. Incidentally, it shows how 
the thrust required by an aeroplane depends on the 
inclination of its flight path. 




Fig. 34. —The Thrust Diagram. 

In the diagram (fig. 34), take any point A as a pole, 
and draw the level line AB. From A set off the vertical 
line AC, equal, to scale, to the weight of the aeroplane, 
and on AC as diameter describe the circle ADC. 
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Then, any length like AD, measured from A to the 
circle ADC, represents the propeller thrust required 
to overcome gravity to keep the aeroplane flying 
steadily along AD, assuming the propeller to be fixed 
with its shaft in the direction of flight and passing 
through the centre of gravity of the aeroplane. 

From A set off AE horizontally, equal to the thrust 
required for steady horizontal flight, and join CE. In 
the diagram, the gliding angle is supposed to be 
i in 4, so AE is made exactly one-fourth of AC, and 
the angle ACE exactly equal to % the normal gliding 
angle of the aeroplane, or to angle BAF obtained by 
drawing the gliding path AF. On AE as diameter 
draw the circle AGE. Then, any length like AG, 
measured from A to the circle AGE, represents the 
extra propeller thrust required to overcome the air 
resistance, or drift force, during steady flight along AG. 

On CE as diameter draw the circle AEHC. Then, 
in any given direction AH, the length AH is equal to 
the sum of AD and AG, and therefore represents the 
total thrust required to drive the aeroplane steadily, 
against both gravity and drift force, in the given 
direction AH. 

Let us suppose the aeroplane, while flying steadily 
along AB, with thrust AE, to have that thrust in- 
creased as much as possible, say, to AJ about twice 
AE, and yet be restrained from rising up steeper 
paths. 1 In consequence of the excessive thrust, the 
speed has now increased by about 40 per cent., and 
the lift about doubled, so, if we gradually remove the 

1 This restraint had better be imagined to be an inverted railway track 
pressing without friction upon the centre of gravity of the aeroplane. It is 
horizontal at first, but removal of the restraint consists in slowly tilting it 
up till the aeroplane ceases to press on its under surface. 
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restraint, the aeroplane will gradually swerve upwards, 
and the pose, under the law of constant attitude, will 
follow the trajectory. 

As the steepness of the path increases, the backward 
pull of gravity increases, leaving a less surplus pro- 
peller thrust to overcome drift force and keep up the 
speed, which will consequently decline. So long as 
the path is less steep than AK, where AK equals AJ, 
and K is on the circle AEHC, the thrust, speed, and 
lift * are all in excess of the values required for steady 
flight, and the path becomes steeper ; but, on the 
other hand, if the path is steeper than AK, the thrust, 
speed, and lift * are all insufficient for steady flight, and 
the path becomes less steep. The path AK is thus 
seen to be the stable, steady, flight path. But, in 
practice, the propeller of an aeroplane increases its 
thrust as the headway declines, so, in the above experi- 
ment, the propeller thrust is likely to be an amount 
KL in excess of AK by the time the path AK is 
reached, under which circumstances the path must 
become as steep as AM before steady flying becomes 
possible. In some cases (they actually occur in models 
only), the propeller thrust offered may follow such a 
curve as JNHQ, just making contact with the total 
thrust circle at H. The point H is then an unstable 
point, for directly the slope exceeds AH, ever so little, 
the propeller thrust finds itself greater than required, 
the aeroplane accordingly turns upwards towards the 
zenith, and, moreover, it is not able to remove the 
cause of its turning in an up-steering sense till it has 
turned a complete somersault, and approached AH 
again from below. 

1 Related as cause and effect in the order named. 
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It does not seem likely this kind of instability is of 
much consequence in full-size machines, for the maxi- 
mum horizontal thrust AJ, obtained with the present- 
day engines and propellers, does not much exceed AE, 
and increases very little as the aeroplane loses headway. 
As a consequence, the propeller thrust curve sharply 
enters the total thrust circle at a stable point like K, 
and never emerges from the circle to form an unstable 
point like H ; at least not within the quadrant BAC. 

With very light elastic-driven models, on the other 
hand, AJ frequently exceeds AE, very much indeed at 
starting, and then, owing to the enormous propellers 
and vigorous maintenance of speed, the curve JHQ, 
in some cases, not only fails to enter the total thrust 
circle, but actually passes quite outside it. These 
models are, in consequence, compelled to turn one or 
more decided somersaults at starting, till the elastic 
has run down sufficiently. 

There are indications this kind of instability may be 
reduced by placing the propeller at a height to give a 
down-steering effect at steep poses, but a power-driven 
propeller, so placed, is inadvisable on account of the 
vagaries of engines, and the question is one not easily 
decided. 

In all the above, stability has been considered as if 

it consisted solely in the permanence of a straight path 

in still air. It so happens the properties making for 

instability of this statical variety, such as great size of 

propeller and constancy of its speed of rotation, are the 

properties making for stability of the higher dynamical 

variety in which damping of oscillations, and freedom 

from disturbance by gusts, are taken into account. The 

latter kind of stability may be cultivated without the 

1 
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former kind of instability, by maintaining the propeller 
speed, not positively, but by suitable fly-wheelage, which 
gets exhausted under the comparatively prolonged 
demand of an attempt to turn one of the somersaults 
described. This is beyond the scope of the present 
article, but is mentioned in fairness to the propeller, 
which is usually far more a stabiliser than the reverse. 

To emphasise the simple construction of the 
diagram, free from distractions, assumptions were 
made, leaving their justification to the present stage. 

When an aeroplane, of weight W, flies steadily upward 
at any angle like BAD, now called a } as indicated in the 
little diagram near H, the backward pull of gravity is 
easily seen to be Wsina. But, in the circle ADC, 
in which AC has been made equal to W, we know by 
simple geometry that polar ordinates like AD are equal 
to W sin a. Hence, any length like AD represents, as 
assumed, the propeller thrust in direction AD, required 
to overcome the pull of gravity down that flight path. 

Again, when the aeroplane is flying steadily as just 
described, the pull of gravity at right angles to the 
flight path is clearly W cos a, and if the flight path is 
straight, the lifting force opposing this must be exactly 
equal. Now, for a rigid aeroplane, the ratio of drift 
to lift is well known to be constant, and therefore 
equal to one of its known values — the ratio of the 
normal horizontal flying thrust to the weight, or alter- 
natively, the ratio of the vertical descent to the 
horizontal travel while gliding, as when the gliding 
slope is said to be " 1 in n" We have seen the lift 

is W cos a, hence, the drift is — W cos a. Now, in 

n 

the circle AGE of the diagram, AE has been made 



Propellers as Disturbers of Stability 1 15 

-W(actually ^W because of n having been taken 
ft 

equal to 4), and simple geometry tells us lengths like 

AG must then be -W cos a. Such lengths, accord- 

tt 

ingly, represent the thrusts required to overcome the 
drift forces for the corresponding steady flight paths, 
as was assumed. 

Still further, while the aeroplane is flying steadily 
at the angle a, the total thrust required is the gravity 

thrust plus the drift thrust, or ( W sin a + -W cos a). 

n ' 

Now, - is easily seen to be tan 7, where 7 is 
n 

the ordinary gliding angle, so the total thrust is 

W (sin a + tan 7, cos a), which is easily transformed 

to sin (a + 7), the formula given by Mr MacAllan 

cos 7 

in the August Aeronautics. But is a constant, 

cos 7 

so the total thrust is proportional to the sine of an angle 
measurable round A, and is therefore capable of repre- 
sentation by a circle through A, like the other thrusts. 
Since AC is the only thrust in that direction, C is evi- 
dently a second point on this total thrust circle, and since 
AE is the only thrust in that direction, E is evidently a 
third point on the total thrust circle. Hence, the circle 
is the circumscribed circle of the right-angled triangle 
CAE, which, as everyone knows, is the circle having 
CE as diameter, or the circle AEHC, as was assumed. 
It seems relevant to comparisons of the helicopter 
and aeroplane to find the steady flight path at which 

the thrust equals the weight. Since AC is equal to 

12 
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the weight, drawing the dotted arc CTS, centred on 
A, and cutting the total thrust circle in S, plainly de- 
termines AS as the path required. Angle CAS is 
obviously twice angle CAU, or is 27, and, therefore, 
the angle BAS, or the "a" for AS, is (90 — 27). In 
the diagram this angle is 62 degrees, and to make it 45 
degrees the normal gliding slope would have to be made 
as bad as 1 in 2^. It might as well be mentioned that 
the least possible flying thrusts, for straight paths, occur 
when the propeller is fixed at the upward angle 7 to the 
trajectory. 1 The flying thrusts are then represented by 
a circle on AT as diameter, but the trifling economies 
in thrusts are outweighed by other little disadvantages. 

The speed has been said to decrease with steepness 
of path, and the exact speed may be found as follows. 
When the path is straight it is an indication that the 
lift force and the opposing component of gravity are 
in equilibrium, and the latter has already been stated 
to be W cos a. Now, since the aeroplane obeys the 
law of constant attitude, the lift force is only pro- 
portional to V 2 where V is the velocity, so, conversely, 
V is proportional to the square root of the lift force. 
Hence, when the aeroplane flies steadily upward at 
angle a, the speed is the normal horizontal speed, in 
which a is zero, multiplied by «/cos a. 

In a complete discussion the paths would have to 
be traced into all the quadrants of the diagram, but 
outside the angle FAC the interest is more of an 
entertaining than practical nature. 

1 One Way of seeing this to be True. — Draw the triangle of forces for 
weight (direction and magnitude both definite), air reaction R (at angle 
(0+7) to the weight), and for thrust T, at angle y to the flight path, as 
directed above. It is evident this T is, for every triangle, at right angles 
to R, and so the shortest possible for all flight paths. It is also easily 
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III 

Longitudinal Stability in Gusts 

Prefatory Remarks. — In Chapter II., in connection with fig. i, 
there was given an abstract explanation of the disturbing effects of 
longitudinal gusts, upon an aeroplane ; and, on page 7, it was pointed 
out that the usual positive self-righting tendency should be abolished, 
or even reversed, at the onset of a gust. In this chapter, on page 98, 
in connection with fig. 32, means of effecting the required momentary 
reversal of the positive self-righting tendency were described in 
general terms, but a closely reasoned argument was not given in 
support. Such an argument is accordingly provided in the following 
article, reprinted from Aeronautics of February, 1912. 

It will be seen this article deals with the aeroplane, not as an 
abstraction, but as actual aeroplane surfaces combined to form a 
tangible glider, and relative gravity is ignored. All points of view, 
however, lead to similar conclusions. 



There is no doubt that a glider or aeroplane can be 
made stable in calm air, but several writers have now 
pointed out that the means commonly taken to stabilise 
the machine in calm air are the means whereby the 
stability is disturbed in gusty air. 1 

Natural Stability 

What is generally known as " natural stability" 
depends on forming the planes of the machine with 
a longitudinal dihedral angle, or placing them in a 
permanent up-steering relationship, or, in any case, on 
forming the machine so that its centre of pressure 
moves forwards or backwards with a decrease or 

seen to be, on that account, W sin (0+7), and so represented by the circle 
on AT in the diagram, as stated. That reaction R is at constant angle 
(90+7) with the flight path is, of course, assumed in this. 

1 The general abstract explanation is contained in Chapter 1 1, of the 
present work. 
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increase, respectively, in the angle of incidence. In 
itself, this only gives the machine a righting tendency, 
and the stabilising scheme usually owes its complete- 
ness to the damping effects of head resistance and 
resistance to rotation of pose. 

Natural Stability in Gusts 

In fig. 35 is shown an ordinary biplane machine 
having the usual longitudinal righting tendency obtained 
by means of a rigid neutral tail plane carried behind. 
The mass is supposed to be concentrated in the black 
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Fig. 35. 



spot, so that the machine has no appreciable moment 
of inertia, as is most favourable to stability. When 
the machine is flying steadily, horizontally, the down- 
ward force W due to gravity, acting at the centre of 
mass, 1 is exactly equalled by the upward lift force L 
of the air, acting at the centre of pressure, which 
centre of pressure is vertically above and near the 
centre of mass. When a head gust attacks the 
machine the headway is increased and, with that, the 
force L is increased to a value greater than W. The 
machine then commences to rise while keeping a level 
pose y but as soon as it combines any upward movement 
with a forward movement, it finds itself moving more 

1 A better term than " centre of gravity," because all its properties do 
not depend on gravity. 



Longitudinal Stability in Gusts 119 

edgewise through the air, and so has its angle of 
incidence reduced. The centre of pressure then 
— and not before — comes forward, and causes the 
pose to rotate in an up-steering sense, as the 
machine rises. The machine consequently sweeps 
upwards in a curved path and, if the gust is a severe 
one, the machine may even come to rest with its tail 
pointing downwards — a decidedly dangerous state for 
it to be in. 

The upward sweep of the machine after the change 
of headway is thus seen to be primarily due to the 
increase in L, and on general mechanical principles 
it is evident, that : — 

No load W can be carried in an undis- 
turbed level path unless L be kept constant, 
and equal and opposite to W, independently 
of variations of headway. 

The problem of steadying the machine has thus 
been narrowed down to finding a means of keeping 
L constant independent of headway. 

Solution by Wind-Tunnel Experiments 

Let us now retire to a wind tunnel with a model 
of one of the main planes affixed to a central fuselage 
by which it may be held in experiments (see fig. 36). 
The main plane is supposed to be of the kind in which 
the centre of pressure does not move with changes in 
the angle of incidence, and the mass is supposed to 
be concentrated in the black spot at the centre of 
pressure. The problem of making L keep practically 
equal to W, for a great range of wind velocities, now 
suggests its own solution, which is simply to pivot the 
model forwardly as shown in fig. 36. The only effect 
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of an increase in the wind speed is then to make the 
model tilt a little round the pivot, as it trails out flatter 
in the wind and so automatically reduces L to renewed 
equality with W. 

But the solution is not complete, for, when the 
wind suddenly increases, the mass has to be accelerated 
upwards into its new position, and during this accelera- 
tion L must exceed W. Moreover, in the free air, 
a pivot can only be represented by a centre of mass. 
We are, therefore, prompted to make the changes 
shown in fig. 37, where the mass is moved to the pivot, 

Wind. 





Fig. 36. Fig. 37. 

and the load is furnished by a massless spring force 
instead of a weight force. When the wind now 
suddenly increases in velocity the plane at once takes 
up its new position, for there is no mass to be acceler- 
ated, and L, accordingly, remains quite constant, even 
from instant to instant. It is true the pull of the 
spring increases with its extension, but the spring is 
to be taken so long that the increase in pull, for the 
small extension really occurring, is insensible. If 
the wind velocity is made very low the model slopes 
steeply downwards from the pivot, and the constancy 
of L can no longer be claimed ; but the fact is not 
altered that there is a great range of velocity for which 
L is practically invariable, instead of varying, as usual, 
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with the velocity squared. It would be unreasonable 
to expect the lift to persist with no wind at all. 

The real defect of fig. 37, as an aeroplane, consists in 
its giving no lift force at the centre of mass to balance 
the weight W, for force S cancels all force L. An 
aeroplane, free in the air, insists on the resultant lift 
being above the centre of mass and equal to W ; 
therefore, fig. 37 must be further modified. Since S 
and L have equal and opposite moments about the 
pivot, which pivot is now also the centre of mass, 
their resultant, even if it be zero, as in fig. t>7> 
necessarily passes through the centre of mass, in 
accordance with well-known principles of mechanics. 
The next problem, therefore, is only to give the 
resultant some upward magnitude, seeing that its 
position and upward direction look after themselves. 

Noting that the magnitude of the upward resultant 
is (L — S), it is evident that the resultant lift can be 
made nearly equal to L itself, merely by placing the 
spring S further and further from the pivot, because 
the force S, necessary to balance the moment of L 
about the pivot, becomes a less and less fraction of 
L as the spring is so altered in position. But the 
arrangement with a spring like that in fig. 37 is not 
very glider-like in form, and all the properties of a 
far-distant spring S, with the advantage of a more 
glider-like form, are obtainable by attaching a long 
springy tail rod, 1 as in fig. 38, pulled down, near its 
end, by a force T, by means of the cord wound on 

1 The tail rods used in experiments have generally consisted of thin 
strips of close-grained wood, so springy that a strip as long as the glider 
easily bends into a circle without breaking. The fuselage, in the drawing, 
is a little too short for the best results, and the cord C (referred to later) 
is also too short, (pig. 32, I., of this work has better proportions.) 
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the clamped drum P. In fig. 38, T is less than 
one-tenth of L, because T is more than ten times as 
far as L from the pivot, and the resultant of L and 
T, or L R , which equals (L-T) and acts upwards at 
the pivot, is very nearly equal to L itself. 

It must be thoroughly understood, from this point 
onwards, that, with such a springy tail rod, the force 
T is made a practically invariable force for a very 
great range of wind velocity, because the change in 
bending of the tail rod, that such change in wind 
velocity occasions, is a very small fraction of the total 
bending of the tail rod from its relaxed position at B. 



Fig. 38. 

Above the model is shown a cord C, which may be 
twisted by a somewhat stiff milled head M, to adjust 
the initial bending of the tail rod and so adjust the 
constant force T, for purposes soon to be explained. 

Let us now suppose the cord C is relaxed by means 
of the milled head M, and that the wind in the tunnel 
is set at 10 miles an hour. The model has no appreci- 
able weight outside the centre of mass, and as it trails 
out in the wind, and tightens the cord at P, a force T, 
a force L about ten times T, and a resultant L R about 
nine times T, all come into existence. Since C is 
relaxed, L R will probably be decidedly less than W, so 
that the model will not lift at its pivot ; but by tighten- 
ing C, by means of M, the force T may be increased, 
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and since T, and nothing else, determines L and L R , 
the resultant L R may be gradually brought to equality 
with W, so that the model does just lift or float at its 
pivot. Such lifting may be detected if the pivofrholes 
are made short vertical slots. 

The Constant Lift Property 

A very extraordinary observation may now be made, 
which is as follows : — On increasing the wind velocity 
from 10 miles an hour to any practicable limit, say 
50 miles an hour, no appreciable increase in lift will 
be observable at the pivot, as measured by a spring 
balance applied to the pivot. This is because the 
constancy of T, for the various headways, determines 
the constancy of L and therefore the constancy of 
(L — T), or resultant L R , for all the headways. 

Completion as a Glider 

It will be noticed that fig. 38 is not yet a self-contained 
glider, but the final step is easy to take, consisting, 
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simply, in attaching a plane to the end of the tail rod, 
large enough to enable the force T to be derived from 
the air itself (fig. 39). The springiness of the tail rod 
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will still look after the constancy of force T over a 
great range of headway. 

^ Behaviour as a Free Glider 

The model of fig. 39 is now adjusted to just float in 
the wind of 10 miles an hour, and keep floating with- 
out sensible increase in lift for all greater wind velocities, 
which it will do with no perceptible change beyond a 
slight deflection of the two planes, in a down-steering 
sense, relative to each other. If it is then gently 
lifted off" its pivot and projected horizontally in the 
open air, at a very high speed, it will be observed to 
move almost perfectly horizontally until its speed has 
declined somewhat below 10 miles an hour. More- 
over, if while moving at, say, 20 miles an hour it meets 
a considerable head gust, or rear gust, it will neither 
leap up nor descend to the gust, for L R keeps constant 
despite the change of headway} All the gusts do is to 
slightly tilt the body of the model about the centre of 
mass, which latter pursues a sensibly straight path, as 
indicated in fig. 40, path I. The centre of mass is thus 
seen to be what physicists sometimes call a "steady 
point." 

Such models, of which type the writer made many 
in 1909, fly very much as a heavy-headed arrow might 
be expected to fly if gravity were annihilated in our 
atmosphere. 

1 Notice that the fan F (referred to later) is not in operation in this 
experiment. When fan F is in operation, the above property may only be 
looked for when the glider is attacked by a sudden transient gust after being 
launched. A hand-launched model is virtually attacked, while at rest, by 
a most intense head gust of about 300 ft. p.s. p.s. (say 40 m.p.h. headway 
given in £th second), followed by no return gust These conditions, of 
course, represent nothing ever met with in actual flight, and therefore, 
nothing to provide against. 
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An Artificial Aviator 

Though the model has the above satisfactory 
property, it has a drawback in having very little prefer- 
ence for a gliding path of one slope rather than 
another. 1 Also, the particular gliding angle it does 
settle down to is so sensitive to M as to be hardly 
adjustable thereby, and landing shocks nearly always 
derange the adjustment. The model, in fact, though 
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Fig. 40. 

it is freed from momentary disturbance of pose, wants 
a small aviator to stand by M, and adjust the average 
flight path now and then. An artificial aviator, for 
models, is easily provided in the small fan F (a mere 
wisp of thin wood veneer, or even stiff paper in very 
small models) arranged to twist and shorten the cord 
C, which is made a double cotton thread or cord, 
according to the size of the model. When the average 
path becomes too steep and the model, as a conse- 
quence, moves too fast, fan F winds up the tail to steer 

1 The righting effect of a common glider, from a steep plunge, depends 
on two causes, (i) The gravitational component opposing the lift is 
reduced, so the machine would swerve upwards even if its speed remained 
constant (2) The speed is accelerated as the machine points downwards 
and the lift force is increased with the square of the speed. The machine 
would therefore have swerved upwards even if the gravity component 
opposing the lift had remained constant. The first cause, which is very 
weak in the vicinity of the stable position, but is fortunately not a cumula- 
tive cause provocative of oscillation^ is the only one operative in our 
constant lift model. (In fig. 44 draw a constant lift circle of radius Pc.) 
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level, and it lets down the tail, in a corresponding 
manner, if the model travels up too steeply. 

Fan F re-introduces Gust Disturbance 

Now fan F has only brought back the old righting 
tendency, fortunately too sluggish to be much abused 
by sudden gusts, but still able to make the model 
mount up, to some head gusts, to a degree that might 
as well be abolished. So far, the centre of pressure, 
where the lift force acts, has been assumed to be con- 
stant in position for all angles of incidence ; but if the 
main plane is so cambered as to have its centre of 
pressure retreating with decrease in the angle of 
incidence, 1 the model has curious properties added to 
it, including a correction for the disturbing effect of 
fan F. 

Dipping down to Head Gusts 

Let the model with the new main plane be mounted 
in the wind tunnel, as in fig. 39, but without fan F in 
action, and let the model be arranged, as before, to 
just float at the pivot in a wind of 10 miles an hour, 
and with the lift force corresponding in position and 
magnitude to L 10 in the figure. Now let the wind 
velocity be increased to, say, 15 miles an hour. As 
the flexible model straightens out, and the angles of 
incidence of both planes decrease, the centre of pressure 
of the new main plane retreats, say, to the position 
(exaggerated) at L 15 . But the moment of L 16 about 
the pivot will balance that of the constant force T ; 
hence, L 15 must be about two-thirds of L 10 (it is about 
one and a half times as far from the centre of mass), 

1 Alternatively, a second fixed down-steering plane M x (fig. 32, II.) may 
be combined with the main plane. 
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and therefore, L R at the pivot, which is (L 15 — T), must 
diminish to less than W, and the model will descend at 
its pivot. The greater the wind velocity, the more L 
moves to the right, the less it becomes, and the more 
the model tends to sink. On the other hand, if the 
wind be reduced below 10 miles an hour, L approaches 
the pivot, and increases in magnitude, and the model 
consequently tries to rise at its pivot. 

This model will not fly stably without an aviator, 
for as soon as it commences to dive, and gathers head- 
way, it tends to dive all the more ; but with an aviator, 
or fan F, this tendency is easily counteracted, and the 
up-steering impulse fan F promotes to a sudden head 
gust, and the down-steering impulse of the model apart 
from fan F, may be arranged to cancel each other, and 
make a model which travels very well indeed. 

Connection with Soaring 

If the above anomalous behaviour to gusts be ex- 
aggerated, as by using a strongly cambered main 
plane, we have a model which, even with a fan F, 
dips down momentarily to head gusts and up moment- 
arily to rear gusts (fig. 40, path II.). This action is of 
great interest in connection with attempts to produce 
automatic soaring of the kind called " delay soaring," 
but the reasons why belong to the subject of " soaring 
flight," and not to that of " stability " (Chapter III. 
page 35)- 

Application to a Common Glider 

Let us suppose this stabilising principle is to be 
added to the already existing glider of fig. 35, with as 
little alteration as possible and with a view to making 
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further discoveries. Since the tail plane of fig. 35 is 
neutral, its removal (weight assumed insignificant) 
does not effect the mere equilibrium of the central 
part of the machine when flying in calm air. The 
central part is re-drawn in fig. 41, where W = 300 lbs., 
is supported by L w = 300 lbs. Now W is at the centre 
of pressure like W of fig. 36, so we must create an 
independent forward "steady point," as by carrying a 
20 lbs. weight w, 10 feet in front, on outriggers. But 
this makes the machine front-heavy, so to balance w 
an elevating plane is fitted at the rear, which, in accord- 
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Fig. 41. 

ance with the principles established, must be a yielding 
plane (such as a flap) furnishing only a constant down- 
ward force T= 10 lbs., just sufficient to balance w only. 
The total lift L T of the main planes will now have to 
be (w + W + T) = 330 lbs. 

With this machine the aviator may glide in still air 
provided he keeps a constant pull of 10 lbs. (or geared 
equivalent) on the control lever of the elevator, and 
corrects, if necessary, for slow undulations. 

Stability in Gusts 

Now let a head gust attack the machine. The lift 
L T at once increases and lifts the central part upwards. 
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But w is left behind, downwardly, because its starting 
to move up obviously depends on T increasing, and 
that increase the aviator does not permit, for he yields 
his control lever directly he feels the extra pull. 
Hence, the machine only rocks about w as a " steady 
point " that travels horizontally, and with the slight 
tilting of the main planes the excess in L T soon vanishes. 
The flight is then very much like fig. 40, path I., only 
that w, and not the main mass, is the horizontally 
moving steady point. 

In keeping w steady, by responding to the changes he 
feels in the pull upon the elevator, the aviator will find 
his elevator control lever in constant movement in gusts, 
but it will practically be a case of the elevator working 
the aviator, and not the reverse, as it may appear to be. 

An Artificial Aviator applied to the Glider 

The necessity for following the elevator in all its 
movements may be done away with by putting springs 
Si, S 2 , S 8 in the cords actuating the elevator, so as to 
leave to the aviator only the adjustment of the average 
pull, now and then. Even this average pull may be 
made self-adjusting, to a great extent, by adding the 
small fan F, corresponding to fan F of fig. 39. The 
aviator is still left with the duty of maintaining the 
mean pull of 10 lbs., to avoid making a dreadful dive, 
but another spring, attached to his control lever, would 
relieve him of that duty also. 

Effect of Moment of Inertia 

In saying the machine of fig. 41 will rock about w 9 
the principal mass W is assumed to have no moment * 
of inertia round its own centre. If W has considerable 

K 
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moment of inertia, w will rise and fall, though its rising 
and falling may be minimized by using a main plane 
with a retreating centre of pressure, and by placing w 
further forward. On the other hand, there does appear 
to be a construction in which the reactions are so 
balanced that the two masses tend to rise and fall 
together, so as to give a flight path similar to path III. 
in fig. 40. In this case constancy of path is sacrificed 
to constancy of pose. Moment of inertia, however, 
generally complicates the problem, and tends to pro- 
duce unsatisfactory performance in unmanned machines. 
Usually, it develops oscillations, which have to be 
damped out by the aviator or by special auxiliary 
appliances. 

Conclusion 

This article is written chiefly to create interest in 
simple methods of obtaining longitudinal stability by 
elimination of gust disturbance, instead of by actively 
fighting the gusts or by simply trusting to the fixed 
longitudinal dihedral, and it is not intended to discuss 
the matter in all details. For instance, all gusts other 
than those in the line of flight have been ignored. 1 
Again, the means of obtaining sufficient lateral stability 
to enable the longitudinal stability to be studied have 
not been entered into. 

Nevertheless, it has been sufficiently demonstrated 
that there are methods whereby an aeroplane may be 
made to traverse sudden head gusts and rear gusts 
without perceptible disturbance of path, and with 
practically no disturbance of pose. 

1 This particular piece of apparatus, without special inertia effects, is 
somewhat less serviceable in eliminating disturbance by the up and down 
gusts than by the longitudinal gusts. 



CHAPTER XIII 

" FLY ABILITY" AND " STABILITY " 

If we send forward a tricycle without a rider it will 
remain upright, but if we do likewise with a bicycle its 
remaining upright, even for a few moments, is very 
improbable. Consequently, according to this test, the 
tricycle is a stable vehicle and the bicycle is not. But, 
to most men, the bicycle is the more rideable and more 
pleasant vehicle, and its inability to travel by itself is 
not regarded as a proof of its inferiority as a man- 
carrying vehicle. * 

So, in the case of the aeroplane : If we take a 
suitably built aeroplane with practically no moment of 
inertia, and start its engine, it may fly and stabilise 
itself in still air, but it might not be liked by a practical 
aviator. The machines preferred by the practical 
aviators will usually be found to have appreciable 
moments of inertia, and very often not be able to travel 
of themselves, even in still air, without the controls 
being attended to. It appears, therefore, that while 
the conventional stability of an aeroplane consists in 
its power of flying without intervention by the pilot, 
yet, in practice, the pilot recognises something else in 
his machine to be of more importance, which, for want 
of a better word, may be called "flyability." This 
does not mean to say that stability is not an advantage, 
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but that, when it is a case of one or the other, the 
pilot prefers this " flyability " in the same sense that 
the cyclist usually prefers the " rideability " of the 
bicycle to the stability of the tricycle. 

The distinction between stability and flyability 
appears to depend on the fact, that, while moment of 
inertia beyond a certain small limit has the property of 
amplifying the free oscillations of an aeroplane, yet it 
has the overlooked, or discounted, property of resisting 
sudden changes of pose by sudden transient gusts, and 
so relieving the pilot of a deal of rapid and tiresome 
elevator flapping. It does impose upon him the duty 
of damping down the slow free oscillations, but that is 
a far less arduous duty than the one he has been 
relieved of. 

It is exceedingly likely that, for an aeroplane, the 
elimination of sudden gust disturbance is a more im- 
portant and immediately attainable improvement than 
any other, because it represents an improvement in 
the flyability by which the practical aviator naturally 
judges the machine, and requires little more than a 
proper placing of the masses. If conventional stability 
can be added at the same time, so much the better, 
but the two things are so distinct that they must not be 
tested by each other. The eli minatory trials for all 
proposed improvements, therefore, should not be con- 
fined to models ; some assured improvements to full- 
size manned machines may quite spoil a given model. 

Towards the end of 191 1 the author gave some 
publicity to the improvement obtainable by placing the 
weight of an aeroplane somewhat forward, so as to 
bring a downward air pressure upon the rear flap 
elevator. He was rather startled to hear at once of a 
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series of fatal accidents of that "mysterious" and 
" unaccountable " nature in which the aeroplanes had, 
while flying smoothly, turned nose downwards and 
travelled straight at the ground. Now, if a pilot 
possessing a standard machine makes such small and 
inconspicuous alterations in the distribution of weight 
relative to the wings as will bring a downward pressure 
on the elevator, and feels confident of keeping that 
pressure on the tail, by hand control, and yielding the 
elevator at the right moments, he will certainly find a 
great improvement in the flyability of his machine, but 
decidedly not in the pure stability, and he takes upon 
himself a great risk. The risk is, of course, that, in 
a moment of absent-mindedness, he may release his 
control lever. 1 The slow-fan F (fig. 32), with its 
spring connection with the tail plane, is, of course, to 
do away with this risk, and not only does the fan add 
the wanting stability, but, in addition to other advan- 
tages, it would rescue a machine from a vertical dive 
even if launched in that position. 2 

Whenever multiple masses are to be used in improv- 
ing the flyability of a machine, and, in spite of 
objections, a test is ventured on in model form, hand- 
launching must not be employed. The reasons for 
this prohibition are simple : — The function of such 
masses is to preserve the steady flight of the machine, 
but, when the machine is hand-launched, it cannot be 
launched free from an initial rotation in one direction 
or another, and the masses then tend to preserve, if 
not augment, this rotation. 

1 The risk is only of the same kind as that confronting a bicyclist, but with 
the difference that the aviator cannot lose his balance with impunity. 

2 It is necessary to say " even if launched," because of the improbability 
of such machine being disturbed into the vertical position. 



CHAPTER XIV 



THE NATURE OF GRAVITY 



When the author first introduced the relative gravity 
point of view, regarding flight phenomena, its universal 
acceptance was delayed by its name and its apparently 
conflicting with the very proper belief in the substantial 
constancy of common gravity. Subsequently it was 
realised, more and more widely, that common gravity 
was not supposed to alter, but only that which dynami- 
cally stands for gravity in the relationship of the 
machine to disturbed air. To many, however, a 
difficulty still arose in an almost superstitious reverence 
for common gravity as something above the laws of 
cause and effect, and an inability to regard it in its 
dynamical aspect owing to never having had reason 
for regarding it as anything but the force of one pound 
which acts upon each one-pound weight. It seems 
advisable, therefore, to write a few words upon the 
nature of gravity, for the fact that even ordinary 
gravity is not quite immutable, but is itself a " relative 
gravity," may dissolve some belated prejudices. 

To the average man, gravity, as regards a given 
object, is "the attraction of the earth upon the object," 
and the direction of gravity is the direction in which 
the object " weighs " when supported. He so far 
relies on its constancy of strength that he will buy and 
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* 

sell things for his living after weighing them on a 
spring balance, and so far on its constancy of direction 
that he will erect steeples and other costly structures 
that would collapse with a change of a few degrees in 
the direction they weigh upon the ground. It is only 
during a severe earthquake that man s trust in the 
apparent constancy of gravity is betrayed. During 
such an earthquake the ground has an acceleration 
represented by a rotating acceleration vector, and the 
effective direction of gravity varies very much like the 
variations in the directions of the connecting-rod of an 
inverted-type vertical steam engine. Many men then 
give up the attempt to "stabilise" themselves, and 
roll on the ground. The only thing that remains 
steady is the heavy mass of the seismologist's seismo- 
graph, or earthquake recorder, and it does so for the 
same reasons that the front masses of fig. 32 remain 
steady in gusts, or " earthquakes " of the air. 1 

It is not to be expected anyone can say whether 
gravity varies or not till it has been identified by some 
distinctive property of a quantitative nature, and when 
it is examined at London, with this end in view, it is 
found to have the distinctive property of adding 
32*2 feet per second to the velocity of a falling body 
in every second it is falling. In other words, it im- 
presses upon bodies at the earth's surface an accelera- 
tion of 32*2 ft. p.s. p.s. relative to the ground. 

Though it is readily appreciated that gravity is the 
prevailing acceleration tendency of all bodies relative 
to the ground, the converse proposition — that the ac- 

1 In earthquake countries, buildings are built to yield in their founda- 
tions. To build them with the ordinary rigid stability we are familiar with 
in England is fatal to their security during an earthquake. 
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celeration tendency of bodies relative to the ground 
is gravity — is practically unrecognised, except by 
astronomers, and those who think of the phenomena 
around them on a cosmical scale. The proposition is 
true even when put more generally, thus : — 

The acceleration tendency of one body 
relative to another, or the impressed accelera- 
tion of the one body relative to the other, 
defines the effective gravity of the one body 
relative to the other. 

This is, of course, the principle underlying all the 
phenomena in the tramcar of fig. 26, II. Use of the 
principle is usually avoided by clumsy statical methods. 

Let us now deal with the general belief that common 
gravity does not vary, not to show the belief is un- 
justifiable,— for the variations can barely be detected 
by the finest instruments that can be made, — but to in- 
dicate the non-absolute nature of gravity, and show the 
variations are, even now, of some practical importance 
in the affairs of men who have dealings with the sea. 

In fig. 33, I., E is the planet earth, assumed, for the 
present, to be a homogeneous sphere without any 
rotation. The fundamental gravity due to the earth 
alone is represented, for each point of the ground sur- 
face, by the vector AB, 32*2 units in length, directed 
to the centre of the earth. That is, at each place, 
absolutely constant in magnitude and direction. But, 
near the earth is a satellite M, and M accelerates E, 
as a whole, to the right with a certain acceleration CB, 
so that BC is the equal and opposite acceleration of 
object A, relative to the ground, due to the pull of M 
upon E. The vector BC is, accordingly, applied to 
the end of each AB vector to give, so far, the resultant 
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relative gravity AC. But AC need not be drawn yet, 
because there is another vector to be taken account of. 
The satellite M not only pulls E, but it pulls the 
object at A towards the centre of M with an accelera- 
tion CD, expressed by : — 

CD-(™)'*CB. 

The vector CD, therefore, represents the accelera- 
tion tendency of any object at A, due to the pull of M 
upon the object, and, when applied to the point C, it 
yields the ordinary resultant relative gravity AD. 
Notice that CD has to be drawn, in each case, not 
pointing at M, but parallel to AM. When the direction 
AD is thus found all round the planet E, and a con- 
tinuous " virtual level " is drawn at right angles, or 
orthogonally to AD, we discover the shape that an 
ocean covering the whole earth would assume. The 
tides are, of course, nothing but the perpetual strivings 
of the sea to keep itself level with respect to the chang- 
ing direction of gravity as the earth and planets move. 
The moon, when nearer and plastic, had tides raised 
upon it by the earth's interference with its own gravity, 
but these huge tides stopped the moon's rotation in 
the same way a thick or viscous syrup half filling a 
bottle will abruptly end the rolling of the bottle. That 
is why the moon keeps the same face to the earth, and 
the evidence indicates the now hardened moon is egg- 
shaped, with its longer axis pointing to the earth. 
Not only does the ocean tilt, but the earth's surface 
tilts. Refined observations have lately indicated that 
the land surface at the equator rises and falls nearly 
eight inches twice every day. In fig. 33, I., the moon 
produces the two acceleration vectors BC and CD, 
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but the sun also produces two similar vectors, likewise 
every other planet, and the rotation of the earth adds 
a centripetal acceleration vector of some strength near 
the equator. Ordinary gravity, therefore, is not quite 
so constant as it seems, and is itself a complex relative 
gravity l with the sea as its changing virtual level. 

If the moon were to come nearer and nearer to the 
earth, the variations of gravity would cease to be of 
only academic interest, the tides would submerge the 
continents, the earth and moon be disrupted, and few 
people would be left to doubt the underlying relativity 
of gravity and its essentially dynamical origin. 2 

The cause of the acceleration that constitutes the 

fundamental gravity is, of course, absolutely unknown, 

but it need not be known for purposes of physical 

calculation. Mechanics is purely a science of relations, 

founded on experience. 

1 Quantitatively, the effects are so small that the solar and lunar actions 
together do not vary the weights of bodies at the equator by more than 
one five-millionth part of their ordinary weight. This is about 20 lbs. in 
the weight of a liner like the Olympic. The centrifugal effect at the 
equator, though great (about 1 50 tons for the Olympic), is uninteresting 
because constant at each place. 

2 Corresponding changes in gravity are likely to have been the ruin of 
the moon. Parting from us 1,000,000,000 years ago, it commenced, being 
small, to cool four times as fast as the earth, while being driven away in 
accordance with the dynamics of our tidal friction. When only so far 
away as, say, 25,000 miles it commenced to harden, to a great depth, into 
the exceedingly egg-shaped, non-rotating, equilibrium figure corresponding 
to such nearness (see fig. 33, I.). On receding further, it tried to lose its 
extreme egg-shape, but the enormous, structural, negative-tidal stresses 
set up, cracked it, and maintained a frightful volcanic activity. The 
" cracks," where the light-coloured internal magma has welled up, are, no 
doubt, the volcanic dykes of the conspicuous bright ray systems of the 
craters Tycho, Kepler, and Copernicus, many of which pass right across 
the visible hemisphere, regardless of the most gigantic surface formations. 
The earth and moon fought each other for a stable home-made gravity 
and peaceful habitability, and the earth won by remaining plastic till it 
had driven the moon to a harmless distance. 



CHAPTER XV 

THE ANALOGY BETWEEN SHIP STABILITY AND 

AEROPLANE STABILITY 

In the last chapter (XIV.) the tides were seen to be 
due to the ocean, after the manner of liquids, tending 
to set its surface at right angles to the effective gravity. 
This proposition may be inverted, and when we see 
the surface of a fairly mobile frictionless liquid tilted, 
and in a state of free oscillation, we may assume th&t 
the relative gravity, or gravity of the tilted surface 
water in its relationship to the water immediately below, 
is at right angles to the surface. 

In fig. 33, II., is shown a portion of the wave surface 
of the sea, and a ship is shown riding upon the surface 
in various positions relative to the waves. At B and 
D, midway down the slopes of the waves, the relative 
gravity is approximately as shown in the little relative 
gravity diagrams, in accordance with the proposition 
laid down in the last paragraph. Now, if the ship has, in 
a calm sea, a righting tendency with respect to common 
gravity, it will exercise the same righting tendency with 
respect to relative gravity in the disturbed sea, and will, 
consequently, tend to swing so as to keep at right angles 
to the local water surface. To minimize the tendency 
to tilt with the water surface, the righting tendency 
must be made as weak as possible consistent with 
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sufficient strength to preserve the average or still- 
water upright pose of the ship, for it is obvious the 
ship cannot be allowed to have no righting tendency 
at all. So far, there is a strong analogy between the 
ship and the aeroplane in connection with fig. 1, and 
the analogy continues still further. It may be 
mentioned that shipbuilders are quite aware of the 
desirability of having only a moderate righting 
tendency, and do not strive to have the centre of 
gravity of a ship as low as possible, as popularly 
supposed, or " bottom-heavy," as it is called. 1 Aero- 
plane designers have been somewhat slow to learn the 
corresponding fact that they must not strive to make the 
automatic forward movement of the centre of pressure, 
or " veeing" of their planes, as great as possible. 

If the ship, with its moderate righting tendency, 
has a smooth circular bottom, it will, in righting itself, 
swing past its proper position and continue oscillating, 
and if the waves only time themselves to accord with 
these oscillations, as they are certain to do sooner or 
later, the ship will have the oscillations augmented so 
as to heel past its critical angle and capsize. 2 The 
remedy is, of course, damping, and this is usually 
effected by employing a rectangular bottom, and 
adding large bilge-keels. It may be noted, however, 
that, like the empennage of an aeroplane, these bilge- 
keels do not damp the absolute oscillations of pose of 
the ship, but only the oscillations of pose relative to 

1 A fact to which Sir George Greenhill made reference in the Govern- 
ment Advisory Committee's Report, 1909-10, page 30. 

2 Such augmentation of the aeroplane's oscillations by a succession of 
gusts has not been discussed ; the first thing is to understand and eradicate 
the disturbance by one gust. In the same way, discussions as to the 
recovery of pose after being upset should not be allowed to take precedence 
over discussions as to prevention of the initial upset. 
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the water surface, or virtual level. In one sense they 
are disturbers of pose, because they bind the ship to the 
water ; but since sea waves do not often tilt more than 
1 5 , and the bilge-keels resist the ships tilting being 
more, they are a considerable advantage. In the case 
of the ship, dead surfaces may effect the damping, 
because it has no lateral velocity ; but the aeroplane, 
having to move forward, should have a damper that 
damps with respect to a mean velocity — that is to say, 
it should have a fly-wheel fan or equivalent. 

So far as the author is aware, no attempt has ever 
been made to stabilise a small ship by giving it a 
slight negative righting tendency kept in check by a 
gyroscopic control (such as Mr Brennans) operating 
either directly or through balancing planes immersed 
in the water. The ship would have to have a smooth 
bottom, and the experiment would be very interesting. 
Such a ship might ride the waves like C, D, and E 
(fig. 33, II.), but it is not at all certain that it would be 
more comfortable than one riding the waves like A, B, 
and C, because the up and down accelerations are part 
of the discomfort of ocean passengers, and no one can 
suggest any means of eliminating their effects. It is 
also possible the horizontal accelerations might be 
found a greater source of discomfort in a non-tilting 
ship l than in one that tilts to the waves in a natural 

1 The usual view, no doubt, is that " fiddles * would not be required on 
such a ship, and personal stabilising problems would not exist. The 
contrary is probably the case, seeing the ship does not then swing to the 
,c relative gravity " at the water surface. The ship in which fiddles could 
be dispensed with would be, theoretically, the one which kept itself at 
right angles to the water surface in a dead-beat manner, and the disagree- 
able rollers will be found to be those which are not content to do that, 
but add their own free oscillations to those of the water surface. They 
want more bilge surface or other destroyers of their own free oscilla- 
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dead-beat manner. For somewhat similar reasons it 
is likely that an aeroplane held quite unyieldingly to 
one pose would not be a success as regards comfort, 
and with that statement the analogy between the ship 
and the aeroplane has been taken as far as profitable. 1 

tions. Impeded rolling weights, or water inside the ship, will help, but 
these, again, do not damp the absolute oscillation, as too often assumed, 
but only the relative oscillation, as it is better they should do. Gyroscopes 
can be made to resist the absolute oscillation, but the advantage of so 
employing them is doubtful both on ships and aeroplanes, as suggested 
in the text 

1 There is, however, one more analogy of some interest. A ship is 
usually lost when it gets amongst breakers, not only because it touches 
ground, but because its righting tendency is worse than useless when the 
water surface (virtual level) tilts suddenly and at a much steeper angle 
than the 1 5 of the open sea. A ship may complete a life of twenty years 
without ever being steered into breakers, but an aeroplane has to be 
designed for frequently encountering " breakers " which, being invisible, 
cannot be avoided. The "breakers" of the air are places where the 
relative gravity and virtual level are extraordinarily tilted more than 90 , 
and especially where they are tilted 180° or more (fig. 3). 



CHAPTER XVI 

THE SELF-RIGHTING PROPERTY IN STILL AIR 

It has been taken for granted, throughout this book, 
that the reader is acquainted with the common self- 
righting property of a glider in still air, but a chapter 
dealing with the subject may be useful for reference, 
and make the book more self-complete. 

The self-righting property is remarkable in being so 
easy to comprehend informally, or intuitively, that an 
explanation not based on intuitions suffers from the 
defect of appearing unnecessarily long and tedious. 

An Informal Practical Explanation 

The following is given as a frankly informal explana- 
tion that is not, however, believed to be in any way 
misleading. 

In fig. 42 is shown a common glider, with a neutral 
tail, in three poses: (I.) steeply downwards, (II.) as 
for a normal glide, (III.) horizontal. When launched 
downwards, as at I., it is evident to anyone, by a legiti- 
mate enough intuition, that the up-steering relationship 
of the fixed planes must cause the glider, as it gathers 
headway, to turn towards a more level path and pose. 
When the glider is launched horizontally, as at III., it 
is just as evident, that, so far as it continues horizon- 
tally, without a tractive force, it must lose headway, 
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and, consequently, permit the heavily-loaded main 
plane to sink down relatively to the unloaded tail plane, 
with the result that the glider turns downwards. 

Seeing that there is an up-steering effect increasing 
with steepness of pose, and a down-turning effect in- 
creasing with the horizontality of pose, there is naturally 
an intermediate steady pose and glide, as at II., in 




Fig. 42. 



which the two effects are so balanced that one effect 
is ready to prevail over the other, to restore the 
balanced pose and glide, in the event of a deviation 
accidentally taking place. 

This self-righting property, or "natural stability " as 
it is usually called, always depends on the planes, or 
parts of the planes, being arranged in an up-steering 
relationship, and on a forward weight being arranged 
to balance the up-steering effect in the desired normal 
pose and glide. The plain, flat, ballasted glider is no 
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exception, for the better support accorded to the front 
part of such obliquely moving glider, as compared with 
the rear part, shows at once that the front and rear 
parts are already, without special construction, existing 
in an up-steering relationship. A few experiments 
with a note-paper glider are convincing enough as to 
the ordinary sufficiency of the above explanation. 

A Formal Graphical Explanation 

The following more thorough explanation will be 
found to differ from the last one in resting, not upon 




Fig. 43. 

intuitions, even quite legitimate ones, but upon those 
principles of mechanics and geometry which are as 
far as we can or need get behind intuitions. 

In fig. 43, the glider is shown with its centre of mass 
proceeding down a trajectory indicated by the great 
arrow. It is supposed to have its centre of mass co- 
inciding with the centre of pressure of the main plane, 
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so that, as will be seen, the tail will ordinarily be kept 
neutral, as at I. For, suppose the tail should tilt away 
from the trajectory, as at II. Then, while the tail is 
so tilted, the pressure which must come upon the top 
surface of the tail plane will press it back into the 
trajectory. The more general reason, however, is that, 
when the glider is tilted, as at II., the resultant of L 
and T is a force R, forward of the centre of mass, so 
that the moment of R about the centre of mass causes 
the axis of the glider to be turned into the trajectory. 
Similarly, when the glider tilts as at III., the resultant 
of T and L is a force R behind the centre of mass, and, 
therefore, again acting to turn the axis of the glider 
into the trajectory. It will be seen, therefore : — 
The glider tends to preserve constant atti- 
tude to its trajectory in consequence of the 
resultant air pressure upon the whole machine 
being prepared to move away from the centre 
of mass, in the right direction l to restore the 
constant attitude, in the event of a deviation 
taking place. 
No reference has been made to gravity, and none is 
intended, for, contrary to the common opinion (even 
expressed in some text-books), gravity is not concerned 
in the constancy of attitude with respect to the trajectory. 
Gravity determines the trajectory, but that is another 
matter. When, in fig. 43, II. and III., the force R was 
said to turn the glider about its centre of mass, refer- 
ence was implicitly being made to the principle in 
mechanics which may be stated in the following 
words : — 

1 A cautious form of wording, because up and down movements of the 
centre of pressure may be made to assist. 
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When a body in space is pressed upon by 
a force acting not through the centre of mass, 
but to one side of it, the force rotates the 
body with a torque or couple corresponding 
to the moment of the force about the centre 
of mass. (It also happens that the force 
accelerates the centre of mass as if directly 
applied thereto,) 
Gravity acts through the centre of mass, and, con- 
sequently, can have no moment about it. Those who 
bring gravity into the law of constant attitude usually 
mislead themselves by drawing their figure, corre- 
sponding to fig. 43, horizontally only. The constant 
attitude to the trajectory, however, is just as well 
preserved when the glider is directed at the ground ; 
more than that, it is just as well preserved when the 
glider is directed horizontally, at high speed, upside 
down. Gravity acting upon the centre of mass affects 
its trajectory, but that, as has been said before, is a 
different matter from the attitude with respect to the 
trajectory, and must not be confused therewith. If 
gravity disappeared, suddenly, constant attitude to the 
trajectory would continue, but the trajectory itself would 
become a perfect circle, such as has been referred to 
on pages n and 12, {glider assumed frictionless). 

If the glider is now pivoted accurately at its centre 
of mass, and placed in a wind tunnel, not only may the 
constant attitude property be verified, but, with suit- 
able measuring instruments, the following additional 
property may be established : — 

For every headway of the glider there are 
produced two rectangular components of the 

wind pressure upon the glider ; — a lift force L 

L 2 
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at right angles to the trajectory ; and a drift 
force D, or head resistance, along the tra- 
jectory. These two forces both increase with 
the square of the headway, so as to preserve 
a constant ratio, n. (In the glider of fig. 44, 
n is supposed to be equal to 4, so that 
D = ±L.) 
Now that the properties of the glider have been 
ascertained, it is convenient to forget its shape, and, 
regarding it only as a heavy point possessed of the 
ascertained properties, proceed to construct the diagram 
of fig. 44. 

In fig. 44 take a point or pole P, from which the 
glider may be imagined to be launched in any direc- 
tion, and from which radial force ordinates may be 
measured. On a vertical diameter from P, equal, to 
scale, to W (the weight of the glider), draw the circle G^ 
Then, the distance from P to the circle G lf in any 
direction, represents the gravitational tractive force G 
down the flight path having the same direction. Proof : 
— Calling a the angle of the trajectory with the hori- 
zontal, the distance from P to the circle G 1 is, by a 
well-known and simple theorem, equal to W sin a, 
where W is the diameter of the circle G v But, in 
any of the little force diagrams, say diagram III. (fig. 
44), it is evident the gravitational tractive force G is 
also equal to Wsina. Hence, the circle G 1 indicates, 
as stated, force G for any given trajectory. 

On a horizontal diameter from P, also equal, to scale, 
to W, draw the circle A v Then, in any direction from 
P, the distance to this circle represents the gravita- 
tional anti-lift force A for the corresponding trajectory. 
Proof: — By the well-known simple theorem, thedistance 
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from P to this circle A 2 is, in any direction a, equal to 
W cos a. But, in any of the little force diagrams, say 
III., it is evident the anti-lift force A is also equal to 
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Fig. 44. — The Lift Diagram. 

W cos a. Hence, the circle A t indicates, as stated, 
the anti-lift force A for any trajectory. 

On a horizontal diameter from P, draw the circle 
marked "^Ax," exactly one-quarter the size of circle 
A lf (n is equal to 4 in this glider). Then, any distance 
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from P to this circle represents, for a trajectory having 
the same direction, the drift force D at the moment 
the glider — with a view to keeping in the trajectory, 
if possible — is launched, in the trajectory, at such 
speed that the lift force L exactly equals the anti- 
lift force A. Proof: — At the moment of such 
launching (e.g. see diagram III.), the force D, which, 
by the established property of the glider, is £L, must 
be £A, because L and A are then equal. Therefore, 
the circle marked £A X , which indicates £A, necessarily 
indicates the commencing force D, as stated. 

On a vertical diameter from P draw the circle L x 
exactly four times {i.e. n times) the size of the circle 
Gi. 1 Then, any distance from P to circle L x , in the 
direction of any given trajectory, represents the value 
to which the lift force L tends, so far as the glider 
does not leave that trajectory. Proof: — If the glider 
be started in any trajectory, say the 30 trajectory, 
and, if necessary, be kept to that trajectory by a 
frictionless guide, it will accelerate its headway till 
the force D becomes equal to G. But, by the 
established property of this glider, force L is always 
equal to 4D, and, therefore, equal to 4G when D 
equals G. Hence, circle L x , being four times circle 
G lf indicates, as stated, the value to which the lift 
force L always tends to set itself in any trajectory. 

It is now a simple matter to see why the glider is 
self-righting with respect to a gliding path about 14 
downwards in this example, that is, with respect to 
the path Pc passing through the intersections of the 
circles. For, suppose the glider is launched down a 

1 Notice, for it will be required later, that PB is now n times the 
diameter of circle G w or circle A w and so equal to »W. 
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steeper path than Pc y and at the speed which makes 
the lift force L equal the anti-lift force A (or circle Ax)— 
with a view to the glider keeping in the steeper path, 
if possible. Under these circumstances the force G (or 
circle Gj) is greater than D, or £L, or ^A (or circle £Ai), 
so that the glider must accelerate and commence in- 
creasing its lift force L from the present value equal to 
A (or circle Ax) to the value 4G shown by the circle Li. 
Then, with L exceeding A, the glider is compelled to 
turn towards the path Pc in which L and A may 
remain in equilibrium. Similarly, if the glider is 
launched more horizontally than Pc, G (or circle G x ) is 
less than the commencing D (or circle £A X ) ; the glider 
loses speed . to bring its lift force to the value shown 
by the circle L lf and this L x being less than A (or circle 
Ax), the glider is compelled to turn downwards, again 
towards the path Pc. Thus, the glider is self-righting 
with respect to the path Pc. 

Since L x is a semicircle upon PB, the angle P^B 
is a right angle ; and since A x is a semicircle upon 
Pe, the angle Pee is a right angle. Therefore, e. c, 
and B are in one straight line, and the figure has 
the following simple geometrical properties : — 

(1) Triangles ecP, PcB, and *PB are 
similar triangles. 

(2) The angles ePc and PB* are equal, so 
that, to find the slope of Pc with respect to 
the horizontal, it is only necessary to find 
the slope of Be with respect to BP. 

Now the slope of Be with respect to BP is Pe in 
PB, 1 or W in nW (n is 4 in the figure), or 1 in n. Since, 
by (2) above, this is the slope of Pc, it follows that 

1 See footnote, page 1 50. 
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the equilibrium gliding path, with respect to which 
the glider rights itself, is at a slope of 1 in n with the 
horizontal, where n is the L/D ratio of the glider. 
This is the familiar result which may be derived, 
alternatively, from the diagrams I., II., III., and in 
various other, but less comprehensive, ways. 1 

It will be seen that the glider owes its self-righting 
property to the lift curve L x passing outside the circle 
Aj with steepening of the pose ; that is to say, it 
owes its stable equilibrium in the path Pc to the curve 
L x passing outside circle A lf as stated. But its mere 
equilibrium it owes solely to the curve L x crossing the 
circle A x in point c. Now all rigid 1 in 4 gliders have 
the curve L x circular, precisely as shown, and there 
seems no possible exception ; but the flexible glider 
of fig. 39 (page 123), of the type that decreases its 
lift with increasing headway (when the fan F is 
clamped so as neither to twist nor untwist), will, 
for reasons easy to discover, give a lift-force curve 
of the type of L 2 (fig. 44), crossing the A t circle in 
three points, a, c> and b, so that such a glider has 
three equilibrium gliding paths, Pa (nearly level pose, 
with the machine practically "pancaking"), P^ (normal 
pose), and P^ (at a very steep pose). Now, though 
the mere equilibrium in path Pc is the same as it was 
for the rigid glider (diagram II. is just the same), the 
equilibrium has been made unstable instead of stable. 
That is to say, if the glider deviates a little down- 
wardly or upwardly from Pc, it tends to deviate more, 
and, as will be seen, find for itself the stable path Pb 

1 Be careful to distinguish demonstrations that P^ is merely an 
equilibrium gliding path, from demonstrations that it is a stable equilibrium 
path, or path to which the glider tends to return after any deviation. 
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or Pa, respectively. Suppose, for example, while 
flying steadily down P^, it deviates ever so little in the 
direction of Pb. Then, lift force L (curve L 2 ) having, 
under the influence of the increased headway, diminished 
to less than the anti-lift A (circle A x ), the glider is 
compelled to turn more downwardly until path Pb, 
where the L 2 curve passes outside the A x circle, is 
reached. If, on the other hand, the deviation from Pc 
had been in the direction of Pa, the excess of the lift 
(curve L 2 ) over the anti-lift (circle A x ) would have 
made the glider deviate further, till the direction Pa 
had been reached, where the excess lift is seen to 
vanish. The crossing point a owes its existence, of 
course, to the fact that only to a limited (though as 
much as is desirable) extent can the flexible model 
be made to increase its lift with diminishing headway. 

This flexible model can only be made a stable 
model with respect to the path P^ by allowing the 
fan F (fig. 39) to operate and overtake the negative 
righting tendencies, for that fan determines an h t 
curve, in fig. 44, passing outside the Ai circle at the 
point c, though, by way of improvement, not passing 
outside so rapidly as the L x circle passed outside. 
It will be seen the L 2 curve controls the glider in 
sudden gusts, and as that curve keeps the lift nearly 
independent of headway, the sudden gusts do not 
disturb the glider about the mean pose. The changes 
of mean pose, with the slower gravitational changes 
of headway they occasion, are controlled by the fan F. 

When the flexible model, apart from its fan F, is 
said to be unstable in path Pc, it should be clearly 
understood this refers to instability of direction of the 
trajectory, and not to instability of direction of pose 
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with respect to the trajectory, (corresponding to the 
constant attitude property of the rigid model). In 
respect to keeping itself behind the centre of mass, 
the flexible model is far superior to the rigid model, 
because the latter has the centre of mass too much in 
the midst of the rigid portion. However, so far as 
absolutely still air is concerned, the flexible model 
constitutes an unnecessary improvement. 

Explanations to Receive with Caution 

An explanation of the self-righting property, that 
has become so common as to be almost the standard 
explanation, consists in first drawing a diagram 
corresponding to fig. 43 with a horizontal instead of 
a downward, or any other, trajectory. (Turn the 
page so as to bring the path of fig. 43 horizontal.) 
The next step is to say, that, if the glider pitches 
into the pose of II. or III., the coming forward 
or retreating, respectively, of the centre of pressure * 
(where R acts) causes the pose to be turned back to 
the horizontal trajectory. (Sometimes gravity is 
brought into the question of this turning of the pose, 
but that has already been criticised, so we will assume 
gravity is not mentioned in the above explanation.) 
The explanation as to why the glider maintains a sub- 
stantially horizontal path is then regarded as complete. 
To an uncritical view it may appear so, but, actually, 
all that has been offered is the explanation of why the 
glider keeps constant attitude to its trajectory, and by 
drawing that trajectory horizontally the suggestion, and 
suggestion only, has been made that the complete 

1 Or, for the less general case of the neutral tail model, the existence 
of pressure on the upper or lower surface of the tail plane. 
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explanation has been given. The imperfection in 
such explanation is, therefore, nearly always revealed 
by re-reading the explanation with the diagram turned 
to point, say, 6o° downwards, when it will be found to 
" prove," in the same sense it before proved anything, 
that the glider maintains the 6o° path. 

It is too often overlooked that the ordinary migra- 
tion of the centre of pressure is only one means to an 
end. It exists to place the aeroplane in such relation- 
ship to its trajectory that it travels substantially head- 
first therein, — not necessarily at constant attitude, that 
is a particular and not altogether desirable attitude 
of the rigid machine, 1 — and so that the lift becomes 
excessive if the machine dives down and gathers 
headway due to gravity. It should also exist so that, 
if the headway is rapidly increased by a gust, the lift 
should not increase, and that is where the rigid 
machine is at fault. How a machine may be made 
to travel substantially head-first in its trajectory, 
increase its lift for the slower rates of increase of 
headway due to downward deviations of pose and 
path, and yet decrease its lift for the rapid rates of 
increase of headway due to violent head gusts, has 
been sufficiently indicated in Chapter XII. 

Oscillations 

As has been mentioned before, oscillations, par- 
ticularly cumulative oscillations, though the bane of 
the theoretical student of the aeroplane, and of the 

1 Which pilots, happy in applying the term "natural stability "to the 
common righting tendency of their machines, spend most of their time 
in annulling, or over-annulling, in gusts. Over-annulment, having been 
called " anticipation of the gust " is supposed to be impossible to imitate 
by automatic arrangements. 
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man who wishes to make good self-flying models, are 
not sources of trouble to a practical aviator. With 
fig. 44, however, it is easy to trace the main causes 
of the oscillations, and in a rather interesting manner. 

When the rigid glider is launched down the 30 path 
Pi, at such speed that the lift force L equals the anti- 
lift A (circle A lf point 1), it rights itself to the path 
Pc 9 as already described. But, owing to its previous 
steep pose, it has by then acquired an excessive head- 
way that makes the lift force equal, say, to P2 instead 
of P^, and, consequently, makes the path and pose 
continue to deviate upwardly. As the path points more 
upwardly, the glider loses headway and lift, till, at 
the pose and path represented by P3, the lift no longer 
exceeds the anti-lift A (circle A lt point 3), and the 
pose commences to return to direction Pc. But, when 
the pose and path are again correct, the glider has 
so lost headway, by reason of its recent upward pose, 
that the lift, instead of being Pc, has only such a value 
as P4, and, as a consequence, the downward turning 
must continue. The glider then gathers headway 
and lift, and at some such pose and path as P5 the 
lift again equals the anti-lift A (circle A^ point 5), 
and a return to the normal pose and path Pc 
commences. 

In fig. 44, point 5 is nearer to c than point 1, and, 
on the next round, point 9 than point 5, so that the 
dotted spiral indicates, by its converging on point c, 
that the oscillations die down. The spiral expressing 
the changing relationship between pose and lift force 
is usually of this converging type if the mass of the 
glider is concentrated, but, when the glider has a con- 
siderable longitudinal moment of inertia, the spiral is 
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likely to be a diverging one, so that the oscillations 
not only refuse to die down, but tend to increase 
cumulatively, if once started. 1 The reasons are roughly 
as follows : — 

On the glider being launched as before, in the 
circumstances of point 1. the angular inertia delays 
the turning of the pose, so that, when the pose is 
normal, the headway and lift are greater than before, 
and the point 2 further from c. The mere fact of 
point 2 being further from c would cause point 3 to 
be further from c, even if the glider could be reduced 
to its concentrated mass state ; but, as it actually has 
considerable up-turning angular momentum at point 2, 
point 3 is carried still further from c. Now that point 
3 is further from c f point 4 would be further from 
c even if the glider had no angular inertia ; but, as it 
has considerable angular inertia acting to delay the 
return to normal pose and thereby to increase the 
loss of headway and lift, point 4 is still further 
removed from c. With point 4 further from c, point 5 
would naturally be further from c, even if the glider 
had no angular inertia ; but, since the glider has con- 
siderable down-turning angular momentum at point 4, 

1 For simple gliders, and small oscillations, the conditions for increase 
of such oscillations can be determined by analytical methods, but the 
conclusion must not be jumped to that they go on increasing in amplitude 
without limits or that the spiral of fig. 44 continues diverging. There 
are indications that, for a glider with concentrated mass, the spiral is 
converging; and, as angular inertia (or moment of inertia) is added, the 
spiral becomes a more slowly converging one, till, with a certain amount 
of angular inertia, the spiral converges only to a small closed figure round 
the point c. The glider now shows the property of increasing very small 
oscillations from the equilibrium glide, and decreasing very large oscilla- 
tions. Practically, these sensitive gliders cannot be made to glide, because 
sympathetic lateral oscillations confuse the flights. The closed figure 
round c enlarges with further increase of angular inertia. 
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point 5 is pushed still further from c. With the 
angular inertia operating as described, it is only to 
be expected that more than a certain amount will 
cause the point 5 to be further from c than point 1, 
and so prevent the spiral converging, and the oscilla- 
tions from dying down. 

The dampers of these oscillations — head resistance, 
empennage, and the fly-wheel fan D (fig. 32, I.) — have 
been mentioned in Chapter XII. 

The flexible model of fig. 39, when it has the L 2 
curve of fig. 44, but has not the slow fan F (fig. 39) 
in action, has no tendency to oscillate about the 
path Pc, but it has such tendency about the paths Pa 
and P^. Owing to such oscillations, the pose Pa is 
rather difficult to obtain experimentally, the glider 
being disposed to oscillate so as to pass the path -P* 
and find the path P6, which it prefers. The suitably 
proportioned slow-fan equipment (F of figs. 32 and 
39), in giving a mean stability to the path Pc, super- 
imposed upon its momentary instability, adds so little 
tendency for the machine to oscillate after it is once 
"set" (see footnote, p. 100) that, in many cases, 
angular inertia may actually be added to steady the 
pose of the machine between the gusts. 



CHAPTER XVII 

FORMULAE RELATING TO CIRCLING 

When the bird is circling in uniform wheeling soaring 
(fig. 6), all its impressed accelerations relative to the 
air are precisely the same as if the air were still and 
the bird were being pulled forward by a propeller (fig. 
31, II.). In other words, the propeller and the air 
acceleration are merely alternative (or supplementary) 
modes of obtaining a flying thrust relative to the air. 
It follows that formulae (1) to (14) are variously appli- 
cable to an aeroplane circling in still air, but since, for 
an aeroplane, the straight flight headway Vy is of more 
importance as a fundamental constant than the gliding 
headway V, and the banking angle £ of more import- 
ance than T, the formula include more than necessary, 
and may be simplified. 

For a circling aeroplane (see fig. 6) of gliding angle 
1 in n, or 7 degrees, we have : — 



o + j)-< 



i+tan 2 y) = — g- . . . (30) 
cos 2 y 

In formula (7) we used the fact that the velocity of 
an aeroplane is proportional to the square root of its 
weight upon the air, and we may again use that fact 
in the following formula : — 



V 2 cos y 



or V 4 = V/cos 2 y. . . (31) 
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With (30) and (31) and (14), formula (8) may be 
reduced to * : — 

R = ^ (32) 

The above, working backwards from the complex 
to the simple, is a little laborious, but there is another 
way : Anyone inspecting formula (8), or the detailed 
soaring chart 2 in Aeronautics of December, 191 1, or 
the converging process for calculating R suggested in 
Aeronautics of November, 191 1, will notice that R has 
a definite minimum when T = o, as marked on the soar- 
ing charts, and certain values at other banking angles, 
as marked on the soaring charts. Now, when the pro- 
peller, instead of the motion of the air, furnishes 99 § 
per cent, of the acceleration component AC that 
balances the drift force (as stated in the Aeronautics 
article referred to), the case is, from the point of view 
of equilibrium, that of a frictionless aeroplane, with n 
infinite, and V and V f equal, circling in uniform wheel- 
ing soaring. The right-hand sides of formulae (1) to 
(4) all vanish with n infinite, and formula (5) is inde- 
terminate and of no account. Seeing that r — formula 
(4) — is now zero, and AC neglected, and putting V a 
for the actual headway, formula (6) may be written 
(see fig. 6) in the modified form : — 

AD^V^Rsinf) .... (33) 

and, in the manner of the line preceding formula (13): — 

Va 2 = v/^i .... (34) 

o 



1 When the aeroplane has considerable size compared with V/ (the 
distance it ordinarily flies in one second), R is somewhat greater than the 
value given in formula (32). 

2 Reproduced in the frontispiece. 
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From these two formulae it follows, simply, that : — 

V, 2 
R = — A=. • . . again (32) 
£"sinf 

A yet simpler plan is to deal with the question on 
its own account, without regard to soaring. Thus : — 

Noting in fig. 6 that BL = V a 2 /R, it is evident 

that tan £ or (sin£/cos£) = V a 2 /(gR), from which, 

R = V a 2 cos £/(£■ sin £). But VJ/VJ = AB/AL = cos £ 

Hence, as before : — 

V 2 

R = — A=. . . . again (32) 
^sinf 

When the result to be aimed at is seen, and put in 
the form sin £= V/ftRg), it is evident that formula (32) 
may be written down if we can find a plausible-looking 
right-angled triangle with the angle £, a side #*/R 
opposite £ (where x is some velocity we choose to 
identify with Vy), and a hypotenuse called g. Such a 
triangle is readily obtained, on paper, by the simple 
process of ignoring that the pilot must increase the 
speed and thrust of the aeroplane when he travels 
round the level circle of radius R, with banking angle 
to correspond. It is evident, then, that the lift AL 
could be said to continue equal to A B or g, and the 
horizontal centripetal component equal to Vy?/R, so that 
sin £ = V/ /( R^). This is very seductive to one who 
might like to obtain formula (32) anyhow, by a short 
cut, but the process is grossly in error in reasoning 
about a circling aeroplane for which the upward com- 
ponent of the lift is only Wcos£. In figures, this 
means that a 1000-lb. aeroplane banking at 6o° is 
absurdly assumed to be circling with a vertical com- 
ponent of the lift equal only to 500 lbs. Yet, formula 
(32) is derived and it is correct ! That is a geometrical 

M 
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accident of the kind that can occasionally be made use 
of when you know the result to aim at ; but it is so 
ready to hand, in this case, that the reader is cautioned 
against any plausible derivation of formula (32) that 
does not pay regard to the physical necessity of the 
speed being increased. 

Seeing that W/ cos £ is the effective weight of the 
machine upon the air, when circling, (evident from AL 
of fig. 6), we have, if k be the mechanical strength factor 
of safety of the circling aeroplane : — 

W/cos f %>kW 
or 

cosf<fci (33) 

As an example, this allows an aeroplane with factor of 
safety 6 to bank as steeply as 8o° ; but anything near 
that should be avoided, since only another 5 adds 
greatly to the stresses. 

In order to give the increased lift of W/cos£, when 
banked at angle £, the machine must have its propeller 
thrust increased in the same proportion. Consequently, 
if an aeroplane engine is capable of giving no more 
than k x times its normal flying torque, we have : — 

i/cosf}^ 



or 



cos£<ty (34) 

Usually, k of formula (33) is about 6, while k x of 
formula (34) is not often greater than about 2*0. 
Hence, (34) gives the practical limit of circling, as 
determined by limited engine torque, in the condition 
that cos £<£ \ or £>6o°. However, 45 is a good limit 
for pilots to adopt, like the birds. 
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The thrust factor, for a given banking angle, is given 
by formula (34) in the form ^!=i/cos^. Now the 
normal thrust is W/#, so the thrust when banking in 
circular flying is W/(^cos^). This is only another 
way of saying that the effective n of a circling banked 
aeroplane is, like that of the soaring birds, degraded 
from the normal n to n cos £. 

Again, writing V /s / cos 7 for the V of the line but 
one preceding formula ( 1 4), we get, where £ is limited : — 



27T. 



giving 



T< fc— V^/^/sinCtanf. . . (35) 



T<^ 



512 ^sinftan^ 

Limiting £ to 45 and 6o°, T is limited to not less 
than Vy/4'3 and Vy/6'3, respectively ; or, for a 50 ft. 
p.s. (34 m.p.h.) machine, T, the time of steering in a 
circle, must not be made less than 8 to 12 seconds, — 
preferably not less than the 1 2 seconds. 

It will be seen, therefore, that a process of ringing 
the changes on the formulae in this work, particularly 
those connected with uniform wheeling soaring, is 
capable of disclosing many interesting points of which 
the above are only examples. The same is also true 
of the methods of this work. 



M 2 



APPENDIX 

AVIATION DISASTERS 

Since the body of this book was sent to the press, the aviation 
disasters which have occurred have attracted an unusual 
amount of public attention. They have generally been 
characterised by the machine, while flying fairly steadily, 
commencing a dive that ends in a head-first collision with 
the ground, and the pilot, as might be expected, seldom sur- 
vives. Such a disaster may, in some cases, be due to failure 
of a wire or bolt, or the bursting of a propeller or engine ; but 
when, during the continuous repetition of such disasters, 
special causes are invoked almost every time, there must be 
a more fundamental cause which the designer cannot lightly 
undertake to remove from the next machine. The accidents 
will now be discussed as due to three principal causes, separ- 
ately and in combination. 

Disasters caused by Front- Heaviness 

This cause has already been referred to on pages 132 and 
133, and it is hardly necessary to add anything further. The 
pilot who privately improves his machine, in one respect, by 
flying with a down-pressed rear flap elevator (i.e. receiving 
the air on its upper surface) must be quite aware of the risk 
he is running, and also know how to avoid it. 

Disasters caused by an Inverse Stable Attitude 

This cause is of great interest and importance. It is that 
sometimes described, for rough purposes, as " getting the air 
on the top of the planes." The object of the following dis- 
cussion is to indicate how it is that the recovery of pose is, in 
many cases, an absolute impossibility to the pilot. 
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When the machine is travelling steadily and horizontally 
at I. (fig. 45), the lift L and weight W are necessarily in 
equilibrium, as shown, assuming the propeller thrust and head 
resistance are, as usual, acting horizontally through the centre 
of mass of the machine. Now, when the aeroplane curves 
downwards, as at II., it is a certain indication that the lift 



L-A 




Fig. 45. 

force has diminished to less than the weight ; and when the 
turning, as in these accidents, continues through III. and IV. 
to the straight path at V., it is certain that the lift has become 
not only less than W, but less than zero — in fact, negative. On 
no other condition can it be balancing the negative anti-lift in 
V. . It remains, therefore, to be shown how an aeroplane, flying 
at I., may start flying with a negative lift impossible to change 
into a positive lift by any manipulation of the elevator. 



1 66 Aeroplanes in Gusts and Soaring Flight 

Let us take as an example the simple, flat, ballasted glider 
of fig. 46, but without the elevator e, and pivot it accurately 
at its centre of mass, in a wind tunnel, as shown. 1 It will then 
be found that, besides having the usual property of flying in 
the normal or direct stable attitude, as at I., it will, if just 
forced past the unstable neutral attitude II., suddenly turn to 
the inverse stable attitude IV., and keep to that. In IV., it 
will have precisely the same lift as in I., but negative or 
downwards. 

Let us now fit the small manually-operated flap elevator e 
to the rear of the glider, and proceed again with the wind- 
tunnel experiment of fig. 46. In I., with the elevator 
flapping loosely and so neutral, the glider is in the normal 



Wind.. 




Fig. 46. 

or direct stable attitude, as before; but, on turning the 
elevator, as in II., the attitude of the glider may be made 
to become nearly neutral with respect to the relative-to-air 
path of the centre of mass. We will assume the elevator — 
either through restricted size, or restricted movement, or both 
— is only powerful enough to bring the glider nearly neutral. 
The glider is now in a delicate state, and should the wind, as 
by a sudden tilting of the wind tunnel, be given a slight 
downward gust, the glider will swing from the attitude II. to 
the extreme inverse attitude III., passing through the stable 
inverse attitude IV. because the elevator is held in its extreme 
down-steering position instead of flapping freely. The ele- 
vator may now be moved to change attitude III., through 
attitude IV., to attitude V., but no further, for the same reason 

1 The wind tunnel need not be horizontal ; it is only drawn so for con- 
venience. The attitude effects described always take place with reference 
to the relative-to-air flight path of the centre of mass, whatever direction 
it may be in. That must be understood, as in Chapter XVI. 



Aviation Disasters 167 

that it was powerless, without the aid of a gust, to change 
attitude II. to attitude III. or IV. 

Suppose, now, that this machine is the one flying at I. in 
fig. 45, and suppose that, in the common act of balancing, the 
pilot has it near the critical condition of II. (fig. 46). If, as 
is certain to happen sooner or later, a slight downward gust 
chooses to attack at this moment, the inverse attitude of III. 
(fig 46) is almost at once established, with great downward 
stress on the planes, and the machine will begin to take the 
downwardly curved path I., II., III., etc. of fig. 45, if not first 
broken by the downward stress (see — L in 1 1 1, of fig. 46). The 
"pilot now turns his elevator in an up-steering sense, but he 
can do no more than reduce the inverse attitude and lift of 
III. (fig. 46) to the attitude and lift, still inverse and negative^ 
of V. (fig. 46). That is to say, he can do no more than 
straighten somewhat the downward path I., 1 1., 1 1 1., etc. (fig. 45) 
without being able to reverse its curvature. 1 He becomes, 
consequently, a helpless spectator of his own fate. 

When the machine lands, and the pilot, who was perhaps 
under the false impression "the control jammed, ,, is dead, there 
are those who may see in strained controls, broken wings, torn 
fabric, and deranged details the primary causes of the disaster, 
whereas they are probably merely secondary effects due to 
the desperate actions of the pilot, and to the extraordinary 
speed and stresses in' the machine. 

In some cases the pilot may be, and, apparently, sometimes 
has been y saved by a second, but fortunate, rear gust attacking 
while the machine is diving down in attitude V. (fig. 46). In 
other cases, the elevator has been just powerful enough to 
overcome the inverse attitude V. (fig. 46). In both these cases, 
however, the machine, travelling swiftly down in attitude V. 
(fig. 46), experiences a sudden jerk into attitude VI. (fig. 46), 

1 Assuming the pilot can do so well as make the negative lift negligible, 
the radius of path R must be Vflg at I., and V^/^cosa) at II., III., etc., 
where a is the angle of the trajectory. The path can easily be drawn, with 
all essential accuracy, for a specified machine, by a combined graphical 
and arithmetical step-by-step process that suggests itself when the attempt 
is made. The path is no parabola, such as it would be, of course, in a 
vacuum. 
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accompanied by a sudden turn on to a level and upward path, 
and this may break the wings, or produce the irregular dis- 
ordered flight which the pilot finds so difficult to steady. 

But, it may be objected, the pilots are not flying simple, 
flat, ballasted gliders. That is quite true, but a great number 
of the rigid machines now made on casual principles will, if 
tested in model form, in a wind tunnel, be found to have stable 
inverse attitudes as well as their direct ones, and of so marked 
a character that the elevator controls provided are barely 
powerful enough to change the inverse into the direct attitude, 
in emergency. In general, these machines are characterised 
by circularly cambered main planes, small elevators, and 
cambered, instead of flat, fixed tail planes, but they cannot be 
detected by inspection alone. The only detection possible is 
that furnished by the disaster which, sooner or later, may 
await such a machine, or, preferably, the detection furnished 
by a test of an accurate model placed in a wind tunnel. 1 

By modifying the camber of the planes, even at the loss, 
if necessary, of aerodynamic efficiency, designers may make 
a rigid machine have no actual inverse stable attitude, but 
they will find some difficulty in preventing such near approach 
to the condition that the machine is not involved, at times, in 
a deep downward dive with an unsatisfactory and dangerous 
recovery. 

The flexible glider of fig. 39, in maintaining constant posi- 
tive lift and allowing nothing to make the lift suddenly 
negative, is obviously as far removed as possible from the 
kind of disaster caused by a machine having an inverse stable 
attitude with negative lift. 

Disasters caused by the Pilot's Weight on 

his Controls 

If a pilot, flying in still air, chooses to steer in a quick up- 
and-down wavy path, he will discover that, whenever he points 
down or up, he has little perceptible tendency to slide forward 

1 Perhaps the submission of a test model to, say, the National Physical 
Laboratory will, after the decline of empiricism, be regarded as a matter- * 
of-course procedure of the constructor of aeroplanes. 
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or backward, respectively, in his seat, though, if observant, he 
will notice he feels heavier when in the troughs of the waves 
than when on the peaks. Sometime, however, especially in 
more gusty weather than he has been accustomed to, he may 
find himself weighing very strongly forwardly on his seat, and, 
in some cases, disaster may follow the unusual circumstance. 

In this case, we are concerned with a relative gravity, but 
the internal one ; that is, the one of bodies within the machine 
relative to the machine, and not of the machine as a whole 
relative to the air. 

In fig. 47, a machine flying steadily at I., in still air, chooses 
to steer down through angle a, into the position II., and, we 
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Fig. 47. 

will assume, so quickly that the headway has not had sufficient 
time to increase appreciably. In position I. a pendulum, as 
an indicator of the direction in which things tend to weigh 
relative to the machine, tends to hang truly vertically, as 
shown, but in 1 1, this is not the case. 

Assuming — to avoid an appearance of begging the question 
— that the pendulum is in some non-central position A, 
common gravity impresses upon it an acceleration AB, or^-, 
relative to the machine. But, on drawing AC at right angles to 
the trajectory, and CB parallel to the trajectory, we find CB, or 
£"sin a, to be the acceleration of the machine down its trajectory. 
Notice that no correction is yet required for head resistance, 
because the propeller thrust, in balancing the head resistance 
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at the present headway, is making the machine virtually 
frictionless. 

Now, in having the acceleration CB, the machine is im- 
pressing upon the pendulum bob an equal and opposite 
acceleration BC relative to the machine. (In ordinary language, 
it is tending to leave the pendulum bob behind to that degree.) 
The resultant of AB and BC, or the "gravity " of the pendu- 
lum bob relative to the machine, is AC, which is gcosa, and, 
obviously, at right angles to the machine. Thus, since the 
pendulum bob, and, of course, the pilot too, weigh upon the 
machine in the ordinary direction with respect to the floor, tilt- 
ing may seem of no moment ; but suppose the pilot should 
dwell a little at the pose a. In this case, the machine increases 
its headway, and, through that, increases its head resistance 
and decreases its propeller thrust so that the rate of accelera- 
tion of the machine, or BC, shrinks first to Bi, then to B2, 
and so on, while the direction of the resultant gravity relative 
to the machine changes from AC, through Ai, A2, etc., to 
approach AB. That is to say, the pilot, if not strapped or 
otherwise anchored to his seat or the frame of the machine, 
but if at the same time gripping one of some types of control, 
may, before he realizes, find himself weighing forward upon 
the control with Ci/AB, C2/AB, etc., of his ordinary weight, 
and so forcing the machine into a steeper and steeper pose of 
increasing danger. Disaster may follow. 

The remedy consists in strapping the pilot in his seat, in 
giving him proper abutments in the frame to take his weighty 
and suitably altering the method of manual control. 

Though the pilot has been assumed to start the weighing 
upon his controls by dwelling too long in a downward pose, 
those who have followed the earlier parts of this book, con- 
nected with Chapter II.. will easily see that a prolonged head 
gust, in causing a horizontal machine to be virtually travelling 
downhill (fig. 1), may start the diving accident just as well as 
actual tilting. 1 

Since, in fig. 47, the pendulum's first tendency is to tilt 
with the machine into the direction AC, it will be seen that 
a great deal of the endeavour made to employ pendulums to 
1 See " Unpractical Lines of Development" (p. 172). 
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"hang down" and maintain pose by tilting elevators is waste 
of time. On " second thoughts," so to speak, the pendulum 
does begin to tend to hang down AB, but, so far as it is 
successful in that, it has the disturbing effect in gusts referred 
to on pages 7 and 8, when AB (fig. 47) is superseded by the 
machine-to-air, or external, relative gravity (figs. 1 to 4). 

Combined Causes of Disaster 

Seeing that a rigid machine having inverse stability of 
attitude is liable to dive at the ground, without hope of 
recovery, and that a front-heavy machine, held in check by 
manual control, is liable, on release of the control, to the same 
disaster, it might be thought that the inverse stable machine 
must be made doubly dangerous by putting its weight more 
forward; but, in point of fact, the forward placing of the weight, 
while contributing the risk of the pilot relinquishing his 
controls, actually reduces the risk of the air acting continuously 
on the upper surface of the machine, so long as the pilot 
handles the controls. This may be explained as due to the 
inverse centre of pressure being less able to get so far in front as, 
and further than, the centre of mass, and thereby automatically 
maintain a negative lift. 

The pilot's weighing upon his controls necessarily always 
acts adversely, whether alone or in combination with other 
causes of the diving disaster. 

Aviation disasters now occur with monotonous regularity, 
one serious injury for so many thousand miles flown, one 
death for so many more thousand miles flown (about a 
millionth of the distance one may travel on a tube railway or 
motor-car). These are probably the final constants of the 
rigid fluctuating-lift type of design in conjunction with the 
average human skill. The moral is obvious. 



UNPRACTICAL LINES OF DEVELOPMENT 

(Suggested by page 170. See its footnote.) 

IN connection with the causes of aviation disasters, it will be seen that the 
pilot's weighing forward upon his controls, in a head gust, at once suggests 
itself as a plausible means of producing that momentary down-steer, at 
the onset of a head gust, which the author has advocated, for stability, 
when used in conjunction with a slow, overtaking, up-steering effect able 
to avert the diving disaster. So far as the mass effect is concerned, the 
corresponding invention suggests itself in four classes : — 

(1) A small mass, either sliding or suspended pendulum- wise, and 
connected to the elevator in such sense that, on weighing forwards, it 
down-steers the elevator. This is in the contrary sense to that hitherto 
so popular with pendulums, the deliberate object being to give a quick- 
acting negative righting effect. The mass being small will have to set in 
action a compressed-air motor to operate the elevator, supplied with air 
from a well-stored receiver, fed by a compressor driven by an engine. 
Alternatively, hydraulic or electrical relay systems may be used, but the 
house-that- Jack-built kind of arrangement cannot be avoided when a 
small mass is employed. 

(2) A large mass, such as the pilot or the engine, free to slide or swing 
and directly operate the elevator in a down-steering sense when it (the 
mass) weighs forward. This is a far more promising scheme to develop 
than No. 1. 

(3) A concentrated mass carried at a height above the main plane y as, 
for instance, at a height above the main plane of the model of fig. 32, I. 
This has, in some forms, been tested by the author with varying, but not 
very noteworthy, success, as an auxiliary improvement. It has advantages 
over No. 2. 

(4) Placing the centre of mass of the machine, as, for instance, the 
centre of mass of fig. 32, I., at a suitable height above the centre of 
resistance, as well as forwards. This has, in some tests, done very nicely 
on an otherwise defective machine, but it has never made a very good 
machine appreciably better. 

Of the above, No. 4 is really the root-invention, in the same sense that 
the underhung load is the root-invention of all common pendulum schemes. 
The variant types, Nos. 3, 2, and 1, particularly the house-that- Jack-built 
No. 1, are, in the above order, less and less likely to improve on No. 1 in 
any detail without adding worse vices peculiar to themselves. 
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If we assume any one of the above is employed to copy the right degree 
of down-steering effect in a head gust (which it cannot actually do), it 
only provides for the " flyability " of the machine, and gives liability to the 
diving disaster of the weighing-upon-the-controls variety. Stability re- 
quires the addition of a supervising or overtaking control, such as that of 
the slow-fan equipment, to which there is no conceivable alternative other 
than the old pressure plate facing the relative wind, and up-steering the 
elevator with increase in the headway. This may be employed in four 
ways : — 

(a) A small pressure plate may be used connected through powerful 
relays to the elevator (usual objections). 

(&) A larger pressure plate may be used connected directly to the 
elevator. 

(c) A large pressure plate may be used carried above the main plane of 
the machine, as at the top of the mast of fig. 32, I. 

(d) The centre of mass of the machine may be lowered so that the 
centre of head resistance alone may constitute itself an equivalent of the 
pressure plate. 

But, the reader may exclaim, to have the pressure plate scheme (c) or 
(d) nullifies the mass scheme, and obviously nullifies the mass scheme 
No. 4 ! That is perfectly true, and the root-inventions No. 4 and (d) bring 
to the surface an underlying law that is inherent in the obfuscating 
combinations : — You can have the mass effect, or you can have the 
pressure plate effect, but you cannot easily have both ; that is, you 
cannot have the mass effect to act momentarily in the down-steering 
sense, and yet be overcome by the pressure plate acting in the opposite 
sense as necessary for stability. 

The facts are, that, the forward weight of the author's, as proposed in 
Article III., pages 117-130, is the unique, constant lift, constant path, 
solution by mass effects, and the slow-fan equipment is the unique simple 
solution of the essential overtaking, supervising effect. 

However, nothing but educational good can come of attempts to 
develop inventions of the above class, and so far as they imitate the 
actions of the parent methods, and are simple and reliable, they must 
improve, to some degree, the stability of their aeroplanes, and so give rise, 
probably, to an epidemic of such schemes, rivalling that of the common 
pendulum schemes. There is now, in these matters, a smouldering fire 
of concealed effort and knowledge (positive and negative) within the 
aeroplane industry, particularly abroad. 
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Absolute acceleration of air, vector sub- 
traction of, 4. 

— and relative paths compared, 27, 30. 

— displacement of air in a gust, deter- 

mined, 10. 

— orbit, radius of, in soaring, 20, 22, 30. 

— path in a gust determined, 9, 10. 

— soaring path, 27, 30, 48-50. 

— velocity of soaring bird, 48, 49. 

— velocity rule in stationary soaring, 71. 
Acceleration, some general references 

to, 2, 4, 5, 12, 13, 16. 

— absolute, and its vector subtraction, 4. 

— actual or real, compared with im- 

pressed, 3. 

— air always in state of continuous 

change of, 16. 

— at right angles to path, 12, 18. 

— a vector quantity, 3. 

— balanced, 12. 

— centripetal of air (absolute), 17. 
of bird (relative), 18. 

— direction, magnitude, etc., 3, 16, 17. 

— downwards, 2, 3, 4, 11. 

— gust additional to structure gust, 46, 

49, 5o. 

— horizontal, of air, 16 (see Gust). 

— impressed (usually of headway), 2, 

3, 4, 6. 

due to gusts, question for finding, 4. 

forwardly by propeller, air, or 

gravity, 18, 159. 
measure of, 3. 

— is independent of velocity, 61. 

— of air, and soaring, 16. 

— of air, equal to£, 12 ; for soaring, 33. 

— of gravity identifies it, 135. 

— of headway, 2, 3, 6. 

— of track of soaring ball, 60. 

— of wind, to determine its average, 

52, 53- 

— real or actual, compared with im- 

pressed, 3. 

— relative to air, 4, 6. 

— rule or formula in soaring, 16. 

— soaring is the rule, 16. 

— tendency, see Chapter II. generally, 

and pages 1, 3, 4, 6. 

— tendency, relative, of air and body, 1. 
first proposed as measure of gust, 2. 

— triangle of, 6. 



Acceleration, up and down components 
in soaring, 16. 

— upwards, 2, 3, 4, 10. 

— vector turns round compass, 17. 
Actual or real acceleration compared 

with impressed, 3. 

— headway, 14, 19, 21. 

Advanced design for lateral stability, 

o. 
Advice regarding stationary soaring, 

74-78. 
Aerodromes, causes of their remous, 50. 
Aeronautics t 20,98, 103, 109, 115, 1 1 7, 

160. 

— reprinted article on ' * Stability in 

Gusts," 117. 
Aeroplane (see also Machine). 

— already steady, with pendulum, 8. 

— automatic appliances with, 101-103. 

— constructed for delay soaring, 42. 

— design with dihedrals, pendulums, 

gyroscopes, etc., 7, 8. 

— helicopter comparison with, 115. 

— in gusts, 6-14. 

— light one and propeller-induced 

stability, 108. 

— narrow planes and small size in, II, 

19. 160. 

— righting tendency of, 7, 8, 143-158. 

— ship analogy with, 139-142. 

— steeply flying (virtually), 6. 

— stresses in, during gusts, 13, 14. 

— upside down, 11. 

"Aeroplanes and Gusts," article in 

Flight, 2. 
Air accelerates always in some changing 

direction, 16. 

— calm appearance when some birds 

soar, 17. 

— centripetal acceleration of, 17. 

— displacement or velocity upward, 16. 

— disturbed, 1, 2, 11. 

— gain of height relative to, 16. 

— particle at centre of relative orbit, 18. 
its displacements, 10. 

moves in a circle, 17. 

— propeller, or gravity impressed 

forward acceleration, 18, 159. 
Albatross and inducements for soaring, 

— reputed dozing while soaring, 65. 
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Albatross, selection of soarable regions, 
90. 

Aloft, conditions in soaring for keep- 
ing, 15. 

Amount of soarability in wind, 52-57. 

rule for, 53. 

Analogies, mechanical, to soaring, 60- 

Analogy, ship stability to aeroplane 

stability, 139-142. 
Analytical methods, oscillations and, 

157. 
suggestion for disturbed air, 11. 

Angle, dihedral, very little advised, 7, 9. 

— of banking, 18, 21. 
Anticipation of gusts and automatic 

imitation, 155. 
Application of stabilising principle to 

glider, 127. 
Aquarium in lift, and soaring fish, 82. 

— in tramcar, 61, 62. 

Articles of S. L. Walkden, " Aero- 
planes and Gusts" (Flight), 2. 

reprinted, 105-130. 

Artificial aviator on model, 125, 129. 

on glider, 129. 

Ascent, mode of soaring bird's, 15. 

— rate of soaring bird's, 24, 28. 
Asymmetric reaction of soaring bird to 

gust, 35. 

— soaring, 32-35. 

illustrated by track model, 66. 

policy of bird in, 87. 

Asymmetry of gust best for soaring, 

34- 
Atmosphere, block of it turning, 17. 

Author and realisation of delay soaring, 

42.. 
Author's article in Flight, l ' Aeroplanes 

and Gusts," 2. 
" Longitudinal Stability in 

Gusts," 98, 1 17-130. 
" Propellers as Disturbers of 

Stability," 103, 106, 109-116. 

— articles in Aeronautics, 98, 160. 
reprinted, 105-130. 

— beliefs on balloon movements in 

soarable air, 85. 
on pendulums, etc. , 8. 

— references to own appliances, 99. 

— success in stabilising apparatus, 13. 

— views appropriated in popular ex- 

positions, 68. 
Automatic anticipation of gusts, 155. 

— arrangements on aeroplane, 101-103. 

— character of stationary soaring, 73- 

74, 78-79. 

— control, partial applications possible, 

102. 
to glider, 103. 



Automatic ("natural") stability as dis- 
turber in gust, 106, 107, 118-119. 

— stability and soaring, 95, 104, 127. 

— wheeling soaring, 104. 

Average acceleration of wind, to deter- 
mine, 52-53. 

— gust, 8, 56. 

— pose, and righting tendency to give 

it, 7. 

— structure gust, to determine, 56. 
Aviator, artificial, 125, 129. 

Backward movement in stationary soar- 
ing. 73- 

Bag of shot as front-weight stabiliser, 
103. 

Balanced accelerations, 12. 

— forces and accelerations, 4, 12. 
Ball soaring by acceleration of track, 

60, 65. 
Ballasted glider, self-righting of, 144. 
Balloon movements to test soarable air, 

84, 85. 

— structure gusts do not affect, 51. 
Banking angle while circling, 18, 21. 

limit for soaring birds, 22. 

Behaviour of constant lift model as a 

glider, 124. 
Beliefs, author's, on pendulums and 

gyroscopes, 8. 
Best soarable head gust, strength of, 33. 

— soaring path, slope of, 33. 
Bicycle and tricycle, stability compari- 
son, 131, 133. 

Bird, asymmetric reaction to soar in 
gusts, 35. 

— asymmetric soaring policy of, 87. 

— centripetal acceleration of, 18. 

— feels more than sees its soaring, 81. 

— frictionless one soaring and gliding, 

15. 

— gliding property, 18. 

— grand policy in soaring, 88. 

— impression as to soaring by up- 

current, 81. 

— in column of air, directions of forces, 

82. 

— keeping aloft, 15. 

— may discover delay soaring by 

fatigue, 91. 

— perpetually in state of commencing 

fresh soaring, 86. 

— policy when soaring, 86, 87. 

— rate of soaring ascent, 24. 

— soaring in apparent calm, 1 7. 

— that flies short distances, 89. 

— that makes long flights, 89. 

— wheeling to keep in head gust for 

soaring, 16, 17. 
Birds, comparison of soaring, 89. 
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Block of atmosphere turning circularly, 

Breakers of sea and air, 142. 

Brennan's gyroscope as a ship's stabi- 
liser, 141. 

Broad view suggests improvements, 11. 

Buzzard, soaring of Professor Langley's, 
explained, 50 ; Wright's, 84. 

Calm air, apparently, when birds soar, 

Caution regarding righting explanations, 

154. 
Centre of mass, absolute path, 10. 

and of lift must coincide, 121. 

as a " steady point," 124. 

better term than centre of gravity, 

118. 
represents a pivot, 1 20. 

— of pressure, forward movement of, 

etc., 7, 106, 119, 146, 155. 

made to retreat, 126. 

object of its migrations, 155. 

— of relative orbit, particle at, 18. 
Centrifugal force determined graphic- 
ally, 58. 

Centripetal acceleration of air, 17 ; deter- 
mined graphically, 58. 
vector of soaring bird, 18. 

— perturbation of soaring path, 25. 
Change of pose, to determine, 9. 

— of acceleration, if quick, never dis- 

continuous, 16. 
Characteristic headway curve of glider, 

69. 

Circle, atmosphere turns in, 17. 
Circling, banking and actual headway 
in, 21. 

— formulae relating to, 20, 159. 

— time of, 21, 163. 

Circularly moving soarable air, 17. 
Circular orbit, absence of error for, 29. 

— track for endless model of soaring, 

66. 

— turning of bird to keep soaring, 

17, 18. 

— wheeling soaring, to-and-fro, 27. 
its limits, 30. 

— winds resisted by ground friction, 22. 
Climbing against wind, ease explained, 

34-35- 
Clouds, fluctuations of velocity, 85. 

Columns of rising air, birds in, forces 

acting, 82. 
Combined and pure soaring as rule and 

exception, 38. 

— delay and wheeling soaring, 55, 87. 

and structure-gust soaring, 43, 51. 

and other soaring, 43. 

— soaring, policy of bird in, 87. 



Common gravity (see Gravity, common). 
Comparison diagrams of soaring (fig. 
31), 82. 

— helicopter and aeroplane, 115, 

— of accelerations, real and impressed, 3. 

— soaring and non-soaring birds, 89. 

— straight and circular to-and-fro soar- 

ings, 30. 

— uniform and to-and-fro circular soar- 

ings, 30. 

Compass, acceleration turns round, 17. 

Completion of constant-lift glider, 123. 

Components up and down of accelera- 
tion, for soaring, 16. 

Compression structure allows soaring 
either direction, 46, 48. 

of air, 45, 49. 

Concave righting path and stresses, 13- 

14. 

Concentrated mass as test of a gust, 4. 

Conclusions as to eliminating gust dis- 
turbance, 130. 

Condition for asymmetry of soarable 
gus # t, 32. 

— for non -soaring defined, 31. 
Confusion of wind and gust accelera- 
tion, 32, 94. 

Connection of down-dipping model and 

soaring, 127. 
Constant attitude, its cause, gravity not 

concerned, 146, 154. 
law obeyed, 111. 

— headway in simple soaring, 15. 

avoids disturbance of pose, 96. 

by means of propeller, 107. 

— -lift property and glider, completion 

of, 123. 

model as free glider, 124. 

rule for non-disturbance of path, 

119. 
Continuous straight uniform soaring 

impossible, 17. 

— wheeling soaring by a varying gust, 

16. 
Control by automatic means, 95-130. 

— by elevator depends on headway, 13. 
Co ordinates replacing true vertical and 

level, etc., 11 
Correction for error of circular orbit, 29. 
Cosine curve, polar, showing strength 

of gravity, 38. 
Counter-torque of propeller, corrected, 

105-106. 

— of wind-driven fan, non-existent, 

105 
Curved righting path m gust, 7. 

Damped paths and damping (see Chap- 
ter II. generally), 7, 8, 9, 12, 13. 
Dampers of oscillations, 158. 
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Damping empennage of two surfaces, 95. 

— as source of disturbance, 95. 

— of ship's oscillations, 140, 141, 142. 
Dangerous gusts, 13. 

Decreasing lift design for head gusts, 

155. 
Definition of soaring flight, 15. 

Delay soaring, automatic, 42, 127. 

birds discover, by fatigue, 91. 

by birds of boisterous climates, 91. 

combined with structure gust soar- 
ing, 51. 

described, 35. 

exemplified by track model, 66. 

policy of the bird, 87. 

Derivatives of wind for fixed bodies and 
flying machines, 59. 

Descent to rear gust, to minimise, 34. 

Design, advanced, for lateral stability, 8. 

— author's apparatus improving, 13. 

— broad view and improvements, 11. 

— present lines of dihedral, of weights, 

of keel surface, 9. 
Designed and tried aeroplanes, and 

natural selection, 7. 
Designers of pendulum stabilisers, 8. 

— caution regarding principle of maxi- 

mum advantage, 96-97. 
Development, practical lines of, 95. 
Dihedral angles, pronounced positive, 

to be avoided, 7. 

little, advised, 9. 

Dimensions, vectors alter in three, 16. 
Dines, J. S. , wind-vector diagrams, 53. 
Dipping down and headway of soaring 

bird, 39. 

is best soaring policy, 40. 

laterally to side gusts, 104. 

to head gusts, 98-99, 104, 126. 

Direction of a gust (see also Gust), 2-3. 

— of air acceleration not constant, 16. 

— of glide in virtual level, 15. 

— of gravity, 8, 10. 

— of relative path and pose, 9, 10. 
Displacement equality of gusts, 32. 

— reduced, is essence of track model 

demonstration, 65. 

— upwards, machine or air, 10, 16. 

— vectors of machine and air, relative 

and absolute, 10. 
Disturbance by gusts (see Chapter II.), 

7, 8, 11. 
eliminated, 130. 

— of dampers, 95. 
Disturbed air, I, 2, 11. 

— paths, 9, II, 13, 14. 

Disturbers of stability, propellers as, 

106, 109-116. 
Disturbing effect of natural stability in 

gusts, 106-107, 118-119. 



Downward acceleration, 2, 3, 4. 

— gust, 2, 11, 12, 13. 

— structure gust and soaring, 83. 

— turning in a gust, 12. 

Dozing of albatross while soaring, 65. 
Drift forces in trajectories, 150. 

— force thrust, in, 114. 

— to lift ratio, 18. 
Dynamics, graphical, 4. 

Earthquakes, gravity, and gusts com- 
pared, 135. 
Easier climbing against wind explained, 

34-35- 
Eddies disturb by means of empennage, 

12. 
Effective gliding angle or n in circling, 

29. 
Effect of moment of inertia, 129. 
Effort, bird rising without, 15. 
Elastic-driven models, their somersaults, 

"3- 
Elevated fly-wheel fan as damper, 96, 

97- 

— power-driven propeller is inadvisable, 

x, 3- 
Elevating plane springily or yieldingly 

mounted, 98, 100, 101, 103, 104. 

Elevator control depends on headway, 

*3> 97- 

— wagging and operation, and by bird, 

8, 14, 15. 

— working the aviator, 129. 
Elimination of gust disturbance, 130, 132. 
Empennage of two surfaces for damp- 
ing, 12, 95. 

— powerful, allows eddy disturbance, 

12. 

Endless circular track for model of soar- 
ing, 66. 

Engines as stabilisers, 103, 106, 108. 

Equality of displacements of gusts, 32. 

Equilibrium paths of glider, 152. 

Expansion structure, 46, 49. 

spoils soaring either direction, 47. 

Experimenter in tramcar, 61. 

Explanation of righting, formal graphi- 
cal, 145. 

informal practical, 143. 

caution as to, 154. 

Fall, horizontal, into a gust, 37. 
Fan, slow, induces some gust disturb- 
ances, 126. 

— wind-driven, as a damper, 96, 97, 104. 
as a stabiliser, 105. 

Fatigue, bird discovers delay soaring by, 

Feeble gust, connection with dipping 
down, 39. 

N 
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Feeling soaring relationship is important 
in models, etc., 65. 

and seeing it in stationary soar- 
ing, 80. 

Fighting gusts by elevator wagging, 8, 
130. 

Fish, gliding and soaring, 62, 82. 

Flap elevator, 101, 132. 

Flapping simultaneously with and to 
help soaring, 15, 23, 92. 

— intermittently to aid soaring, 41. 
Flaps, up-pulled lateral, 104. 
Flexible glider, equilibrium of, 152, 

153. 

— model, oscillations of, 158. 

— planes, 100. 

Flight at constant headway, 15. 
Flighty author's articles in, 2, 105. 
Flight in disturbed air and still air, 1. 

— in level soaring, 15. 

— in still air, 1, 13, 14. 

— problems and questions (see Pro- 

blems), 2, 4. 

— relative to air (see Chapter II. gener- 

ally), 6, 9. 

— soaring, 15-43 (see Contents). 

" Flyability" and front weight, 81. 

— and " stability," 80, 131-133. 
Flying steadily in gust, and stresses, 1 3. 
Fly-wheel fan as aid to wheeling soaring, 

97- 
as damper and stabiliser, 96, 97, 

104, 105, 158. 

Forces, balanced, 4. 

Foreshortened (sine law) soaring paths, 
28. 

Formal graphical explanation of right- 
ing, 145- 

Formula for soarable air, 16. 

corrected for banking effect, 18. 

Formulae relating to circling, 159-163. 

Forwardly impressed acceleration by air 
propeller or gravity, 18, 159. 

Friction and gravity, soaring if neither 
existed, 37. 

— arranged for models illustrating soar- 

ing, 60, 62. 

— detrimental effect on delay soaring, 

42. 

— of ground, interference with circular 

winds, 22. 

— wheeling soaring in absence of, 43. 
Friction less bird soaring, 15. 
Frontispiece referred to, 20. 

Front weight and " flyability," 81, 133. 
independent form, 103, 104, 128, 

135. 
caution regarding, 133. 

Function, harmonic, for g in disturbed 

air, 11. 



Fundamental mode of flight is soaring, 
92. 

General method determining impressed 
accelerations, 4. 

— principles, object of book, 11. 

— velocity soaring, 81. 
policy of bird, 88. 

Glider, characteristic headway curve, 69. 

— properties of, 18, 147, 148. 

— soaring in a tramcar, 61-62. 

— used in wheeling soaring, 93. 

— with artificial aviator, 129. 

— with automatic control, 103. 

— with stabilising principle applied, 

127. 
Gliding and soaring bird, 15. 

— angle, best in birds, 20. 

common and effective, 15, 18-19. 

effect on orbital radii, 20. 

relationship to circling, 21. 

Government Advisory Committee's Re- 
port and Blue Book, 53, 55, 140. 

Grand policy of soaring bird, 88. 

Graphical constructions for soaring, 25, , 
29. 

— determination of rise after a gust, 

3°-37. 

— dynamics, 4. 

— formal explanation of righting, 145. 

— methods as to propeller effect on 

stability, 109. 

— statics, 3. 

Gravity (throughout Chapter II.), 3-4, 
6-15. 

— acceleration due to, identifies it, 135. 

— allegiance of pendulum righting 

effects to, 8. 

— common, subtracted in vector sense, 

— feed of petrol during gust, 1 1. 

— general definition, 136. 

— is itself a relative gravity, 138. 

— nature of, 134-138. 

— no cause of constant attitude, r 46, 154. 

— produced tractive acceleration, 18. 

— resultant relative (see Relative 

gravity), 4, 6, 7, 11-13, 15. 

greatest, 13. 

horizontal, 12. 

vanishes, 11. 

— righting tendency pays respect to, 7. 

— soaring when none exists, 37. 

— strength of, 6, 9, 10. 

— superseded by relative gravity (all 

Chapter II.), 3, 4,6, 15. 

— thrust due to, no, 114. 

— tilted, 6, 8, 10. 

— upside down, n. 

— variations of common, 136. 
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Greatest improvement for stability, 7. 

— relative gravity, 13. 

— rise after a gust, to determine, 37. 

— stress, what determines it, 14. 
Greenhill (Sir George) and "bottom- 
heavy " ships, 140. 

Ground, keeping close to, in stationary 
soaring, 72. 

— paths relative to, 9. 

Growing gust (Chapters II.), 7, 9, 12, 

Gulls soaring, 91. 

Gust (all Chapters I. and II.), 1-14, 15. 

— {see also Measure of). 

— absolute path in, determined, 9, 10. 

— acceleration and structure types 

together, 46, 49, 50. 

downward, 11. 

formula for soaring, 16. 

in soaring, 15. 

question for rinding, 4. 

— aeroplanes in, 6-14. 

— and wind confused, 32, 94. 

— anticipation of, automatic, 155. 

— asymmetry for soaring, 32, 34. 

— average, 8, 56. 

— caused by other things than absolute 

air acceleration, 44. 

— dangerous class, 13. 

— direction of (all Chapter II.), 2, 3. 

— displacement of air in, 10. 

— disturbance (all Chapter II.), 7, 8, 1 1. 
eliminated, 130. 

of slow-fan, 126. 

of stability, 107. 

— disturbing effect, general principles, 

11. 

— disturbs balance in soaring, 94. 

— downward, 2, 11, 12, 13. 
head, 1 3 

rear, 12. 

— energy available for soaring, 54. 

— equal to g for soaring, 33. 

— feeble, connection with dipping in 

soaring, 39. 

— fighting by elevator wagging, 8, 130. 

— growing (all Chapter II. ), 7, 9, 12, 13. 

— harmonic (all Chapter II.), 7. 
in soaring, formulae for, 25, 28. 

— head, 6, 13. 

continuous for soaring, 16. 

— horizontal, 6, 8, 9, 15. 
head, 6. 

for soaring, 15. 

— longitudinal stability in, 1 17-130. 

— mean effective soaring strength, 26. 

— measure of, I, 2-5. 

— natural stability in, 118. 

— of average period, 8. 

— rear, 9, 12. 



Gust reciprocating harmonically in soar- 
ing, 23-30. 

— representation by a line, 3. 

— side, 8. 

— stability in, 98, 117, 128. 

— steady flying stresses in, 13. 

— strength of best soarable, 33. 

or magnitude of, 2, 3, 15, 33. 

to keep bird afloat uniformly, 15, 

16. 

— stresses produced by, 13, 14. 

— structure, additional to acceleration, 

46, 49, 5°- 

strengthened by headway, 5. 

term first used in book, 5. 

variety, 5, 44-51- 

— sudden, 6. 

— " suddenness," 59-62. 

— symmetry and non-symmetry, 31. 

— transient and extreme, 11. 

— upward, 9. 

— weak for soaring, 15. 
Gustiness, instruments to measure, 57* 

— expressible only by acceleration, not 

velocity, 57. 
Gyroscope, scope for, 8, 1 1. 

— for ships and aeroplanes, 141-142. 

Hand-launching and multiple masses, 

133. 

— of models inadvisable, 100. 

— virtually an impossible gust, 124. 
Harmonic acceleration, velocity, and 

displacement, 26. 

— function for g in disturbed air, 11. 

— gust (Chapter II.), 7. 

for soaring, 23-30. 

formula, 25. 

substitute for, 31. 

Head gust, 6, 13. 

best soarable, 33. 

dipping down to, 126. 

Headway (Chapter II.), 2, 3, 5, 9, 12, 

I3> 14.. 

— acceleration of, 2, 3, 6. 

— actual, 14, 19. 

— and dipping down of soaring bird, 39. 

— and stability while soaring, 41. 

— and weight on air, 159. 

— constant or uniform, in soaring, 15. 

— curves, for a glider, 69. 

— determines structure gust, 5, 45, 49. 

— glider's properties at steady, 18. 

— loss of, and prevention of loss, 13. 

— necessary for controls, 13. 

— rate of change by velocity structure 

(Chapter IV.), 4, 44, 46. 

— ratio of gliding and flying, 21. 

— term used for velocity-relative-to-air, 

2. 

N 2 
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Headway virtually too low in a gust, 8, 

9- 

Heavier birds prefer straight non- wheel- 
ing soaring, 39. 

soar in boisterous climates, 91. 

Height, gain of, relative to air, 16. 

Helicopter comparison with aeroplane, 
115. 

High speed and stability, 5. 

detrimental to wheeling soaring, 

72. 

Highest soarable point on a hill, 72 

Hill, danger of getting behind, in 
stationary soaring, 70. 

— highest soarable point on, 72. 

— suitable for stationary soaring, 70. 
Hole-in-the-air described and explained, 

11. 

Homogeneous up-current soaring im- 
practicable, 83. 

Horizontal circular flying, formulae for, 
19, 20, 21, 159-163. 

— " fall " into a gust, and soaring, 37. 

— gust, 6, 8, 9. 
acceleration, 16. 

— head gust, 6 {see Gust). 

Hot plains of earth, state of air and 

soaring over, 90-91. 
Human soaring, 93. 

Impressed acceleration (usually of head- 
way), 2, 4, 6. 

and real, 3. 

due to gust, question for finding, 4. 

forward or tractive, 18. 

headway due to velocity structure, 

44. 

Improved disturbed path (Chapter II.), 

7- 

Improvements suggested by broad view, 

11. 

Inclination of path and alteration of 

speed, 116. 
and thrust required, 109. 

— of propeller axis to minimise thrust, 

116. 

Independence of velocity and accelera- 
tion, 61. 

Inertia, angular, made use of, 158. 

— moment of, its effect, 129. 

resists sudden change of pose, 

132. 

Informal practical explanation of self- 
righting, 143. 

Instruments for measuring gustiness, 

57. 
Integration of rise in a harmonic gust, 

25, 28. 

Interest, practical, lost in unimproved 

designs, 11. 



Intermittent flapping as aid to soaring, 

41. 
Introductory Chapter I. — The measure 

of a gust, 1-5. 

Jelly-like atm ospheric oscillations, 22,91. 
Jerks in incidence of wings as mode of 
soaring, 42. 

— of tramcar analogous to "sudden- 

ness " of gusts, 62. 

Keel surface to damp lateral righting, 9. 

side-slipping or banking in absence 

of, 18. 

Lanchester, F. W., change of air velocity 

with place and soaring, 4. 
on mechanical models of soaring, 

67. 

Langley, Professor, his buzzard's soaring 
explained, 50. 

Large propeller, why it stabilises, 107. 

Lateral oscillations, sympathetic, con- 
fuse flight, 157. 

— righting tendency and its momentary 

reversal, 8. 

— stabilising side weights, 104. 

— stability in side gust, 8. 

— up-pulled flaps, when adopted, 104. 
Launch, irregular, determining path, 10. 
Level, true (Chapter II.), 6, 15. 

— uniform soaring, 15, 16. 

— virtual, 6, 7, 12, 15. 
as soaring plane, 15. 

Lift acting to accelerate upwards rela- 
tively to machine's co-ordinates, 12. 

— decreasing in a head gust, 155. 

— diagram (fig. 44), 149. 

geometrical properties, 151. 

— forces for trajectories, 150. 

— kept unaltered avoids disturbance, 

97-98. 

— to drift ratio of glider, 18. 

Light aeroplane and propeller-induced 

stability, 108. 
Limits for to-and-fro circular wheeling 

soaring, 30. 
wheeling soaring, 27. 

— for uniform wheeling soaring, 22. 

— to wind velocity, 16. 

Line, uniform soaring in straight, 17. 
Lines of development, practical, 95. 
List of symbols, 17. 

Loading of planes reversed {see Ap- 
pendix), 14. 
Longitudinal dihedral, 7. 

— moment of inertia resists circling 

commencing, 12. 
" Longitudinal Stability in Gusts," 
article, 98; reprinted, 1 17-130. 
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Long- period pendulum, its uses, 8. 
Loss of headway, birds soar without, 15. 

rapid or sudden, 13. 

Low headway, virtually, in gusts, 8, 9. 

Mac Allan, J. M. , and the formula for 

total thrust, 1 15. 
Machine, stresses in, duringgusts, 13, 14. 

— upside down, 11. 
Magnitude (see Strength). 
Main plane yielding, 100. 
Maintenance of headway, apparatus to 

help, 13. 
Mass, centre of, its absolute path, 10. 

— concentrated, as detector of gust 

accelerations, 4. 
Mathematical methods modified for 
disturbed air, 10. 

— proofs use infinitesimal time inter- 

vals, 59. 
Maximum advantage principle in 

design, 96-97. 
Mean angle of rise in harmonic gust, 

25, 28. 

— effective strength of soarable har- 

monic gust, 26, 28. 

Measure of a gust, 1-5. 

and date acceleration first ad- 
vocated, 2. 

necessity for defining, 1. 

of stresses during a gust, 13. 

— or strength of a gust defined, 2. 
Mechanical analogies to soaring, 60-67. 

— strength and banked circling, 162. 
Mechanics, a science of relations, 138. 
Mechanism, lack of interest in un- 
improved, 11. 

Meteorological soaring conditions sought 
out by albatross, 90. 

Methods, analytical, for paths in dis- 
turbed air, 11. 

— and formulae of this work, ringing 

changes on, 163. 

— general, for finding impressed ac- 

celerations, 4. 

— mathematical, now published to 

determine still air relative paths, 
10, 14. 
Migration fatalities may evolve soaring 
birds, 91. 

— of centre of pressure, objects of, 155. 
Minimising descent to a rear gust, 

34-37. 
Minor gust irregularities utilised in 

delay soaring, 42. 

Model aeroplanes unaffected by struc- 
ture gusts, 51. 

somersaults, 113. 

Models, hand- launching inadvisable, 
100. 



Models illustrating soaring, 60-67. 
advice as to utility, 67. 

— improved flight when battered, 95. 

— mechanical, fail to represent soaring 

details, 67. 

— with artificial aviator, 125. 
Moment of inertia amplifies oscillations, 

I32> 157-158. 
effect of, 129-130. 

preferred by aviators, 131. 

resists circling or sudden change 

of pose, 12, 132. 
Momentary reversal of righting effect 

desirable, 8, 9. 

— uniform straight-line soaring only 

possible, 17. 
Moon, effects on common gravity, 137. 
Multiple masses and hand -launching, 

133. 

Narrow planes of small size and circling, 

11. 
Natural stability, 117, 144, 155. 

in gusts, 118. 

annulled, 155. 

Nature of gravity (Chapter XIX.), 134, 

138. 

— of righting tendency, independence 

of remarks upon, 7. 
Negative and positive soaring, 34. 

— righting tendency, momentary, 100. 
Neutral surfaces in pairs for damping, 12. 

— tail plane not enough for damping, 12. 
Non-soaring condition defined, 31. 

— constant headway path, 32. 
Note-paper glider experiments in right- 
ing effects, 145. 

Objects of this book (Preface), 11. 
Olympic i liner, variations of weight, 1 38. 
Orbit, absolute, in uniform circular soar- 
ing, 20. 

— bird's centripetal acceleration in, 18. 

— relative, in uniform circular soaring, 

18. 
Oscillations, 155-158. 

— absent with flexible model, 158. 

— and effect of moment of inertia, 157. 

— damping of, 113. 

— easily damped by pilot, 132. 
Oscillatory or undulatory path, 7. 
Over-engineing and over- fly wheeling an 

aeroplane, 109. 

Partial application of automatic control, 
102. 

Particle of air, acceleration and dis- 
placement upwards, 10. 

at centre of bird's absolute orbit, 

18. 
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Particle of air moving in a circle, 17. 

Path (see also Absolute, Damped, Dis- 
turbed, Relative, Soaring, Undula- 
tory). 

— absolute, 9, 10. 

— centripetal acceleration of bird in 

relative, 18. 

— concave or curved, 7, 13. 

— damped, 7, 9, 13. 

— direction of, 9. 

— disturbed (Chapter II.), 7-14. 

— improved forms, 7. 

— of the wind, 58-59. 

— oscillatory or undulatory, 7. 

— radius of, 14, 19, 160, 161. 

— relative to air (Chapter II.), 9, 10. 

— righting, 7. 

— truly level soaring, 1 5. 
Pendulum, futile adding to show 

direction of gravity, 7. 

— forced to pay allegiance to relative 

gravity, 8. 

— general observations on, 8. 

— in tramcar, 61. 

— long- period, possible use, 8. 

— quick -acting short-period no use, 8. 
Perpetual soaring prevented by ex- 
pansion structures, 47. 

Petrol, gravity feed interrupted, and 

leakage, 11. 
Pilot, actions superseded, 98, 101. 

— " anticipation " of gusts imitable, 

— his non-turning to avoid stresses, 14. 

— instinct for steady headway, and 

soaring, 35. 

— moving slowly, separation from 

machine, n. 

— operation of elevator and stresses, 14. 

— rules for general soaring with glider, 

94. 
Pivot in free air is a centre of mass, 120. 
Plains of earth, birds soaring over hot, 90. 
Plane, narrow and small, 11. 

— neutral tail inadequate damper, 12. 

— vertical, effective n in, 18. 

Point, air always accelerating at every, 

16. 
Polar cosine curve shows strength of 

gravity, 38. 

— sine curve shows accelerations of tea- 

tray model, 64. 
Policy, grand, of soaring bird, 88. 

— of soaring bird, 86-88. 

Popular view of soaring partly justified, 

84. 
Pose, average, and righting tendency, 7. 

— changes of, 9. 

— direction of, 9. 

— disturbance of, 7. 



Pose upside down, 11. 

— turned over backwards, 12. 
Position relative to air, 6. 
Positive and negative soaring, 34. 
Practical informal explanation of right- 
ing, 143. 

— interest of improved types of 

machines, 11. 

— lines of development, 95- 103. 
Prejudice against relative gravity prin- 
ciple, 134. 

Present line of design, progress along, 9. 
Pressure, centre of, forward movement, 

etc., 7, 106, 119, 146, 155. 
Principles, general, 11. 
Problems, educational and urgent, 8. 

— of flight, real, are concerned with 

disturbed air, 1. 

understood dynamically, 4. 

Prompt righting tendency to be avoided, 

7- 
Propeller, alternative or supplementary 

to air acceleration, 18, 159. 

— as disturber of stability (article), 

103, 106, 109-116. 

— as producer of forward acceleration 

tendency, 18, 159. 

— as stabiliser (article), 105-109. 

— counter torque and its elimination, 

105. 

— direction of shaft for least thrust, 

116. 

— elevated and power-driven, inadvis- 

able, 113. 

— its speed constancy and stability of 

machine, 108. 

— large size, why it stabilises, 107. 

— promotes constant headway, 107. 

— thrusts causing unstable paths, 112. 
for banked and circling machine, 

162-163. 

Propellers, useof two, to destroy counter- 
torque, 105. 

Properties of glider, 18. 

established in wind tunnel, 147. 

Published still-air mathematical me- 
thods, 10, 14. 

Question determining impressed ac- 
celerations, 4. 
Quick-acting pendulums no use, 8. 

Radii of horizontal orbits, bird, ma- 
chine, air, 19, 20, 22, 30, 160, 161, 
162. 

incorrect method, 161 -162. 

Radius of vertical circle or curved path, 
12, 14. 

Rate of change of velocity (see Ac- 
celeration), 2. 
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Reaction as an impressed acceleration, 

4. 
Real or actual contrasted with impressed 

acceleration, 3. 

Rear gust disturbance, 9, 12. 

minimising descent to, 34, 37. 

Reciprocating harmonic gust for soar- 
ing, 23. 

and rotating vectors, 24. 

Recovery of pose, discuss after preven- 
tion of disturbance, 140. 

Rectangular wind -charts, soarability 
evaluation, 56. 

Reduced displacement essence of wavy- 
track model demonstrations, 65. 

Relationship of soaring bird to air, 
constant, 17. 

Relative displacements of machine, 10. 

— gravity, 4, 6, 7, 9, 11, 12, 13, 15. 

due to velocity structure, 44, 49. 

horizontal, 12. 

of track of mechanical soaring 

model, 61. 

tilted and strength altered (Chap- 
ter II.), 6. 

upside down, 11. 

vanishes, 1 1. 

viewing and interpreting its dia- 
gram, 7. 

what it is, 4. 

— paths (Chapter II.), 9, 10. 

compared with absolute, 27, 30. 

Relative-to-air acceleration, 4, 6. 

flying, 6, 14. 

orbit, central air particle, 18. 

paths, avoid sharp turns, 14. , 

displacements, 6, 10. 

ground paths, 9. 

Remous over spots of land, their 

causes, 50. 
Representation of a gust, 3. 
Reprinted articles, 105-130. 
Resistance, prolonged, not required to 

vertical circling, 12. 
Rest, dynamical view of body at, 4. 
Resultant acceleration tendency, 6. 

— relative gravity (see Relative gravity, 

and Gravity). 
Retreating centre of pressure and 

effects, 126. 
Reversal of gust means reversal of 

acceleration, 24. 

— of righting tendency, 7, 8, 9. 
Reversed loading of planes (Appendix), 

14. 

— stresses, 14. 

Right angles to path, acceleration at, 

12, 18. 
Righting effect of common glider, two 

causes, 125. 



Righting, explanation to receive with 
caution, 154-155. 

— formal graphical explanation, 145- 

— informal practical explanation, 143. 

— lateral tendency, 8. 

— nature of, 7. 

— paths (Chapter II.), 6, 7. 

— tendency, 7, 8, 143-158 (Chapter II). 
» giving average pose, 7. 

■ improvement by momentary re- 
versal, 7, 9. 

indifference to nature of, 7. 

of a ship and its effects, 139-140. 

prompt, to be avoided, 7. 

slow, as an advantage, 7. 

lateral, momentarily reversed, 

8. 

Rigid model, where at fault, 155. 

— positive dihedral better absent, 7. 
Ringing the changes on formulae and 

methods, 163. 
Rise after a gust, finding the greatest, 

37. 
graphical determination, 36. 

— in a gust, integrations to find, 25, 28. 

mean angle of, 25, 28. 

Rising column of air, theory of soaring, 

68, 81, 84. 
Rooks, their soaring abilities, 91. 
Rotary-cylinder engines as stabilisers, 

102, 106, 108. 
Rotating vectors and reciprocating 

gusts, 24. 
Row-boat comparison with velocity 

soaring, 81. 
Rubber bands or springs to anchor 

soaring models, 65. 
Rudders, bird's equivalents to, used in 

soaring, 71. 
Rule as to absolute soaring, 71. 

— as to soaring, 15, 16. 

Seeing versus feeling in soaring, 80. 

Selection of soarable regions by alba- 
tross, 90. 

Self- flying models, 156. 

righting (see also Righting), 144. 

path of a glider, 151. 

property explained by thrust 

diagram, 109. 

in still air, informal explana- 
tion, 143. 

formal graphical explana- 
tion, 145. 

Separation of pilot, etc., from machine, 
11. 

" Set," non-oscillation of machine once, 

158. 

— the getting "set" of a model, 100. 
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Sharp turns to be avoided, 14. 

Ship and aeroplane analogies, 139-142. 

— rolling disagreeably, 141. 

— most comfortable, 141- 142. 
Ship's righting tendency and its effects, 

139-140. 
Ships and aeroplanes in " breakers," 

142. 
Short-period pendulums, useless, 8. 
Shrinkages of wings as aids tosoaring,40. 
Side gust disturbance, 8. 

— slipping requires keel-surface, 18. 
Sight essential to some soaring, 105. 

— test as to soaring or not, 81. 
Simultaneous acceleration and structure 

gusts, 46, 49, 50. 

— flapping and soaring, 15. 

Size of aeroplane concerned in circling, 
11, 19, 160. 

— of soarable air's circle, 17, 19. 
Skill wanted in soaring, suggested by 

track models, 65. 

Slope of best soaring paths, 33. 

Slow adjusting fan for automatic stabi- 
lity and soaring, 99, 100, 101, 127, 

'53- 

Slow-fan and gust disturbance, 126, 

127, 153. 
and mean stability it gives, 158. 

rescues machine from dives, 133, 

153 
Small-size aeroplanes in circling, 11, 19, 

160. 
Smoke of chimney test of soarable air, 85. 
Soarability evaluated by rectangular 

wind chart, 56. 

— in wind, amount of, 52-57. 
rule to determine amount, 53. 

— left out of account by wind charts, 

54, 55, 56. 
Soarable air moves in circle, 17. 

tests for its movements, 84-85. 

— gust, conditions for asymmetry in, 32. 

— regions selected by albatross, 90. 
Soaring, 2, 15, 16. 

— albatross, 65, 90. 

— amount in wind, 52. 

— and flapping simultaneous, 15. 
supplementary, 23, 92. 

— and non-soaring birds compared, 89- 

92. 

— and stability, automatic, 95. 

— asymmetric variety, 32-35. 

— automatic stability and, 95-130. 
wheeling, 104-105. 

— bird, dipping down connection with 

headway, 39. 

compared with non-soarers, 89-92. 

its grand policy, 88. 

limit of banking angle, 22. 



Soaring bird, policy of, 86-88. 
wheels to continue soaring, 16. 

— by accelerations is the rule, 16. 

— by structure gusts, an example, 47. 

— by upward air column, 83. 

displacements or velocities, 16, 68. 

— chart, construction described, 20. 
redrawn for to-and-fro circular 

soaring, 29. 

— circularly, 17-27. 

— combined and pure varieties, 38-43. 

— condition for not, 31. 

— continuously by varying gust, 16. 
uniformly in straight line impos- 
sible, 17. 

— delay variety, 35-42. 
aeroplane for, 42, 127. 

— favourite variety, 17. 

— flight, 15-43, 47-51,52-57, 68-92. 
defined, 15. 

— formula determining necessary air 

acceleration, 16. 

air acceleration, corrected for 

banking, 18. 

— general velocity variety, 81. 

— harmonic gust formula for, 25. 

— human, 93-94. 

— in absence of gravity and friction, 37. 

— in either direction possible by com- 

pression structure, 46-48. 

— in level paths, 16. 

— in straight line, 17. 

— in symmetrical gusts, conditions for, 

35-36- 

— in tropical countries, 17. 

— in virtual level, 15. 

— is fundamental mode of flight, 92. 

— mechanical analogies to, 60-67. 

— of anomalous automatic model, 127. 

— path, plan shape of, 54. 

— paths for a series of equal -displace- 

ment gusts, 33. 

relative and absolute compared, 

27-30. 

— policy of bird, 86-88. 
grand, 88. 

— relationship of bird kept constant, 17. 

— relative orbit of bird, 18. 

— space for stationary soaring, dimen- 

sions of, 78. 

— stationary variety, 69-81. 

— stress in birds' wings, 22. 

— to-and-fro circular wheeling, 27-31. 
limits of, 30. 

wheeling, 23-27. 

— uniformly by turning circles, 17. 
in one direction, impossible, 17. 

— uniform wheeling variety, 17-23. 
limits of, 22. 

— velocity variety, 68-85. 
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Soaring, wheeling varieties, 15-30, 47- 
51, 81-85. 

Solution of stability problem by wind- 
tunnel experiments, 1 19-123. 

Somersault, back, and means of resisting 
it, 12-13. 

— of elastic-driven model explained, 

113. 
Speed, high, connection with stability, 5. 

— of propeller and effect on stability, 

108. 

— variations with inclinations of flight 

path, 116. 
Spiral relating to oscillations of pose, 

156, 157. 
Stabilisers, propellers as, 105-109. 
Stability and " flyability," 1 31-133. 

— and headway compromises in soar- 

ing, 41. 

— and high speed, 5. 

— and soaring, automatic, 95-130. 

— conventional, no test of " flyability ," 

132. 

— greatest possible improved path for, 7. 

— in gusts, 128-129. 
longitudinal, 1 17-130. 

— in stationary soaring, 80. 

— in still air and instability in gusty 

air often go together, 117. 

— lateral, momentary reversal of, 8. 

— "natural,'' in gusts, 117, 118. 

— of trajectory and attitude are separate, 

x 53-. 

— of various kinds and effect of pro- 

pellers, 113. 

— problem vanishes in still air, 100. 

— propellers as disturbers of, 106, 109- 

116. 

— questions connected with, 2. 

— solved by wind-tunnel experiments, 

119-123. 
Stable and unstable paths related to 

propeller thrusts, 111-112. 
Statics and dynamics, graphical, 3-4. 
Stationary soaring, 69-81. 

advice upon practising, 74-78. 

as means to general soaring, 94. 

automatic character, 73-74, 78- 

79. 
birds do not recognise, 80. 

close to ground, 72-73. 

dimensions of soaring space, wind 

effect, 78. 

for practising delay soaring, 103. 

requires stable* machine, 80. 

use and interest of, 79. 

Steady aeroplane ready for pendulums, 

8. 

— flight in still air and gusts, stresses 

for, 13. 



Steady point, centre of mass as, 124, 128. 
Steeply flying aeroplane, virtually, 6. 
Steering out of and back to virtual 

level, 36. 
Still air flying, 10, 14. 
and gusty air flying, contrasted 

importance, 1. 
problem of stability vanishes in, 

100. 
righting property in, 6, 9, 143- 

158. 
stability often implies gusty air 

instability, 117, 
stress determinations for flight in, 

14. 

travelling and "flyability," 131. 

Straight non-wheeling soaring liked by 

heavier birds, 39. 
Strength of most soarable head gust, 33. 

— of gravity, 6, 9, 10, 38. 

shown by polar cosine curve, 38. 

— of gust (see Measure of gust). 
to keep bird afloat, 15, 16. 

— or magnitude of a gust, 2, 3. 
Stress, determined by pilot's action, 14. 

— greatest, of machine in gusts, 14. 

— in disturbed air, means of explain- 

ing, 2. 

— in soaring bird's wings, 22. 

— measure of machine's, in gusts, 13. 

— reversal of machine's, in gusts, 14. 
Structure, compression, 45-46. 

— expansion, 46-47. 

— gust, 5,44-51. 

additional to acceleration gust, 

46, 49, 50. 

compression form, 45, 49. 

dependson vector headway, 45,49. 

expansion form, 46. 

perturbation of wind-vector dia- 
grams, 58. 

soaring, 47-51, 83. 

and bird's policy, 87. 

example, 47-51. 

mechanical analogy difficult, 

66. 

of albatross, 90. 

simpler method to determine, 

49- 
the many varieties, 51. 

Substitute for a harmonic gust, 31. 

Subtraction of vectors (see Vector sub- 
traction). 

Succession of gusts, discuss after effect 
of one gust, 140. 

Sudden gust, 6. 

— loss of headway, preventive of, 13. 
" Suddenness," example of, in tramcar, 

62. 

— of a gust, meaning explained, 59. 
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Suggestions of obvious improvements, 
n. 

Superimposed wind, reasons for ignor- 
ing, 10. 

Supersession of gravity, or level, or 
vertical, 6, 10, 15. 

Supervising control of pendulum, gyro- 
scope, etc., 8, 11. 

Surfaces, keel, to resist side-slipping, 
9, 18. 

— neutral, in pairs as dampers, 12. 

— tail plane, inadequate dampers, 12. 
Swallows' and swifts' soaring, 91. 
Symbols, list of, xiii. 

Symmetrical gusts, conditions for soar- 
ing in, 35-36. 

Symmetry and non-symmetry of soar- 
able gusts, 31. 

Table of limits of to-and-fro circular 
wheeling soaring, 30. 

of uniform wheeling soaring, 

22. 

Tail plane, neutral, inadequate damper, 
12. 

Tail rods, springy, used in experiments, 
121, 123. 

Tea-tray and marble example of wheel- 
ing soaring, 62-63. 

Tendency, acceleration (Chapter II.), 

1. 3> 4, 6. 

— righting (Chapter II.), 7, 8, 143- 

158. 
Thrust and inclination of path, 109. 

— diagram (fig. 34) and its uses, 109, 

no. 

— direction of propeller for least, 116. 

— equal to weight, direction of flight 

path for, 116. 

— factor and banked circling, 162-163. 

— to overcome drift force, in, 114. 

— total, to overcome gravity plus drift, 

in, 115- 
Tides show variations in gravity, 137, 

139- 
Tilted gravity (Chapter II.), 6, 8. 

— pose (Chapter II.), 8. 
Time-spots on paths and wind vector 

diagrams, 9, 56, 58. 

— T, of circling and banking angle, 

163. 
of circling in soaring, 17, 21, 22, 

3°- 
To-and-fro circular wheeling soaring, 

27-31. 
limits, 30. 

— wheeling soaring, 23-27. 
limits, 27. 

Total thrust, gravity plus drift, in, 

"5- 



Touch is the sense used by soaring 
birds, 87. 

Tractive forces for trajectories, gravita- 
tional, 148. 

Tramcar phenomena chiefly related to 
soaring, 2, 61, 136. 

Transient gusts, n. 

Triangle of accelerations, 6. 

— of velocities, 52. 

Tropical and hot countries, soaring in, 

17, 84, 90. 
True level (Chapter II.), 6, 15. 

— vertical, 8, 10. 

Turning downwards of path, 12. 
Turns, sharp, pilot should avoid, 14. 
Two propellers abolish counter-torque, 
105. 

Underhung weight effect undesirable, 

?. 

Undisturbed path, rule for obtaining 

design for, 119. 

Undulations {see Oscillations), 7. 

Uniform soaring in straight line im- 
practicable, 17. 

— wheeling soaring, 17-23. 
limits of, 22. 

Unstable equilibrium paths of glider, 

152, 153. 
Up-current and wheeling soaring con- 
trasted, 84. 

— soaring, homogeneous case impracti- 

cable, 83. 
Up-pulled lateral rear flaps first adopted, 

104. 
Upside-down gravity, n. 
turning of machine, II. 

— acceleration, 2, 4, 10. 

Upward air displacement, or velocity, 
and soaring, 16, 68. 

— -column soaring by dwelling near 

centre, 83. 

— displacement of accelerating air, 10. 

— gravity, n. 

— gusts, 9-1 1. 

— structure gust, and soaring bird, 83. 

— velocity soaring occasional aid only, 

16. 
Upwardly moving air patches, soaring 
by, 84. 

Variations of common gravity, 136. 
Vector acceleration alters in three 

dimensions, 16. 
turns round compass, 17. 

— addition of velocities, 52. 

— displacements combined to find 

absolute path, 10. 

— of centripetal acceleration relative to 

air, 18. 
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Vector quantities, accelerations and 
gusts represented as, 3. 

— subtraction in finding impressed 

accelerations, 4. 

— velocity and acceleration, advice 

and caution, 61. 
Vectors of relative gravity diagram, 18. 
Velocity in a gust, ignored, 2, 5. 

— of air upwards small aid to soaring, 

16. 

— of wind, artificial notion of gust, 1. 

limits for soaring, 22, 30. 

no discontinuous changes, 16. 

— relative to air {see Headway), 2. 

— simple, ignored for rate of change, 

2-3- 

— soaring, 16, 68-85. 

general, 81. 

policy of bird, 88. 

stationary, 69. 

— structure at a point (Chapter IV. ), 

4,44- # 

— vector diagrams of wind, 52-57. 

— vectors and soaring paths, 49. 
Vertical circle, and resistance to turning 

in, 12. 

— dive, rescue by slow fan, 133. 

— plane, effective n in, 18. 

— true, 8-10. 

View, broad, suggests improvements, 

11. 
Virtual level, 6, 7, 12, 15. 

as soaring plane, 1 5. 

steering out of and back to, 36. 

Wagging of elevators to fight gusts by 

pendulums, 8. 
Warping of birds in soaring, 15. 
Waves of sea, relative gravity of, 139. 
Weak dihedrals advised, and reasons, 7. 

— gust suits soaring, 15. 

Weight carried in front, 103, 104, 128. 
and a caution, 132. 

— in front, and "flyability, ,, 81, 133. 

— on air determines stresses, etc. ,13-14, 

18. 

— resultant, on air at right angles to 

path, 18. 

— underhung, advice against much, 9. 
Wheeling at ends takes up time, 27. 

— of bird must be true wheeling, 24. 

— soaring, 16-31. 



Wheeling soaring aided by fly-wheel 

fan, 97, 104-105. 
and up-current soaring compared, 

84. 

automatic, 104. 

by upwardly moving air patches, 

84. 
illustrated by tea-tray and marble, 

62, 63, 64. 

of birds over hot plains, 91. 

path, shape in plan, 54. 

to-and-fro, 23-27. 

circular, 27-31. 

— limits of, 30. 

uniform, 17-23. 

limits of, 22. 

when frictionless, 43. 

with a glider, 93. 

Wind, amount of soarability in, 52-57. 
— rule, 53. 

— confused with gust acceleration, 32, 

94. 

— -driven flywheel fan as damper, 96, 

97, 104. 
— — as stabiliser, 105. 

— easier climbing against, explained, 

34-35. 

— path of, 58-59. 

— superimposed, why ignored, 10. 

— tunnel to establish glider's properties, 

147. 

experiments to solve stability 

problem, 119. 

— velocity for stationary soaring, 70- 

ignored, 2-3. 

maximum each way half total 

fluctuation, 27. 

on soaring chart, 21. 

upwards, aid soaring, 16. 

Wings, shrinkage as aid to soaring, 40. 

— stresses in, 13-14. 
Wood-pigeon, reasons for its non-soar- 
ing, etc., 89, 91. 

soaring while flapping, 92. 

Work, object of this book or (Preface) , 

11. 
Wright (Wilbur), buzzard observations 

do not support up-current theory of 

soaring, 84. 

Yielding tail and main plane, 100. 
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engineers. 8 figures, 43 pp. oblong 8vo. (1908) 

net 50 

Grace's Earthwork Tables. 36 double-page tables, 

4to. (1907) net 12 6 

Railway Tunnelling in Heavy Ground. By C. 

Gripper. 3 plates, 66 pp. royal 8vo. (1879) ... 76 
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Levelling and its General Application. By T. 

Holloway. Second edition, 53 illus. 147 pp. 8vo. 

liOwt/ 1 •>■ ••• ••• •«• ••• ••• ... S \J 

Waterway and Water Transport in different 
Countries. By J. S. Jeans. 55 illus. 520 pp. 8vo. 
(1890) ... ... ... ... ... ... net 9 o 

Table of Barometrical Heights to 20,000 Feet. 

By W. H. Mackesy, with some practical sugges- 
tions by Sir Guilford Molesworth. 1 plate, 24 
pp. royal 321110. (1882) ... ... ... ... 3 o 

Aid Book to Engineering Enterprise. By £. 

Matheson. Third edition, illustrated, 916 pp. 

medium 8vo, buckram. (1898) ... ... ... 1 4 o 

A Treatise on Surveying. By R E. Middleton 

and O. Chadwick. Third edition, royal 8vo. (1911) 

Part I. 11 plates 162 illus. 285 pp. ... ... 10 6 

,, II. 152 illus. and 2 plates, 340 pp. ... 10 6 

A Pocket Book of Useful Formulae and Memo- 
randa, for Civil and Mechanical Engineers. ±5y 
Sir G. L. Molesworth and H. B. Molesworth. 
With an Electrical Supplement by W. H. Moles- 
worth. Twenty-sixth edition, 760 illus. 901 pp. 
royal 32mo, French morocco, gilt edges. (1908) net 5 o 

The Pocket Books of Sir G. L. Molesw.orth and 

J. T. Hurst, printed on India paper and bound 

in one vol. Royal 32mo, russia, gilt edges net 10 6 

Metallic Structures : Corrosion and Fouling and 
their Prevention. By J. Newman. Illustrated, 
385 pp. crown 8vo. (1896)... ... ... ... 9 o 

Scamping Tricks and Odd Knowledge occasion- 
ally practised upon Public Works. By J. New- 
man, New impression, 129 pp. crown 8vo. (1908) 

net 2 o 

Earthwork Slips and Subsidences on Public 
Works. By J. Newman. 240 pp. crown 8vo. 

K-LOis\/j ... ... ... ... ... ... ... / v/ 

Co-ordinate Geometry as applied to Land Survey- 
ing. By W. Pilkington. 5 illus. 44 pp. i2mo. 
(1909) ... ... ... ... ... ... net 1 6 

Diagrams for the Graphic Calculation of Earth- 
work Quantities. By A. H. Roberts. Ten 
cards, fcap. in cloth case ... ... ... net 10 6 
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Pioneering. By F. Shelford, illustrated. 88 pp. 

crown 8vo. (1909) ... ... net 3 o 

Topographical Surveying. By G. j. Specht. 
Second edition, 2 plates and 28 illus. 210 pp. i8mo, 
boards. (New York, 1898) ... ... ... net 20 

Spons' Dictionary of Engineering, Civil, Mechani- 
cal, Military and Naval. 10,000 illus. 4300 pp. 
super royal 8vo. (1874* Supplement issued in 1881). 

Complete with Supplement, in 11 divisions net 3 10 o 
Ditto ditto in 4 vols. ... ... net 5 5 o 

Surveying and Levelling Instruments. By W. F. 

Stanley. Third edition, 372 illus. 562 pp. crown 

8vo. (1901) ... ... ... ... ... ... 7 6 

Surveyor's Handbook. By T. U. Taylor. 116 

illus. 310 pp. crown 8vo, leather, gilt edges. 

(New York, 1908) net 8 6 

Logarithmic Land Measurement. By J. Wallace. 

32 pp. royal 8vo. (1910) ... ... ... net 50 

Hints on Levelling Operations. By W. H. 

Wells. Second edition, 8vo, sewed. (1890) ... 10 

The Drainage of Fens and Low Lands by 

.Gravitation and Steam Power. By W. H. 
Wheeler. 8 plates, 175 pp. 8vo. (1888) ... 12 6 

Stadia Surveying, the theory of Stadia Measure- 
ments. By A. Winslow. Fifth edition, 148 pp. 
i8mo, boards. (New York, 1902) ... ... net 20 

Handbook on Tacheometrical Surveying. By 

C. Xydis. 55 illus. 3 plates, 63 pp. 8vo. (1909) 

net 60 

DICTIONARIES. 

Technological Dictionary in the English, Spanish, 
German and French Languages. By D. 

Carlos Huelin Y Arssu. Crown 8vo. 
Vol. I. English -Spanish- German -French. 

609 pp. (1906) ... ... net 10 6 

Vol. II. German - English - French-Spanish. 

720 pp. (1908) ... ... net 10 6 

Vol. III. French- German-Spanish- English. 

In preparation. 
Vol. IV. Spanish-French-English -German. 

750 pp. (1910) ... ... net 10 6 
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Dictionary of English and Spanish Technical 
and Commercial Terms. By W. Jackson. 
164 pp. fcap. 8vo. {1911) ... ... ... net 2 6 

English-French and French-English Dictionary 
of the Motor-Car, Cycle and Boat. By F. 

Lucas. 171 pp. crown 8vo. (1905) ... net 2 o 

Spanish-English Dictionary of Mining Terms. 

By F. Lucas. 78 pp. 8vo. (1905) ... net 5 o 

English- Russian and Russian-English Engineer- 
ing Dictionary. By L. Meycliar. 100 pp. 
i6mo. (1909) ... ... ... ... net 26 

Reed's Polyglot Guide to the Marine Engine, in 

English, French, German and Norsk. Second 

edition, oblong 8vo. (1900). ... ... net 6 o 



DOMESTIC ECONOMY. 

Food Adulteration and its Detection. By J. P. 

Battershall. 12 plates, 328 pp. demy 8vo. 

(New York, 1887) ... ... 15 o 

How to Check Electricity Bills. By S. W. 

Borden. 41 illus. 54 pp. crown 8vo. (New York, 

j.\j\j / ) ... ... ... ... ... ... nex 2 o 

Practical Hints on Taking a House. By H. P. 

Boulnois. 71 pp. i8mo. (1885)... ... ... .16 

The Cooking Range, its Failings and Remedies. 

By F. Dye. 52 pp. fcap. 8vo, sewed. (1888) ... 06 

Spices and How to Know Them. By W. M. 

Gibbs. With 47 plates, including 14 in colours, 

179 pp. 8yo. (New York , 1909) ... ... net 15 o 

The Kitchen Boiler and Water Pipes. By H. 

Grimshaw. 8vo, sewed. (1887) ... ... net 1 o 

Cookery and Domestic Management, including 

economic and middle class Practical Cookery. 
By K. Mellish. 56 coloured plates and 441 
illus. 987 pp. super-royal 8vo. (1901) ... net 16 o 

Spons' Household Manual. 250 illus. 1043 PP- 

demy 8vo. (1902) ... ... 7 6 

Ditto ditto half-bound French 

morocco ... ... ... ... ... ... 9 o 

Handbook of Sanitary Information for House- 
holders. By R. S. Tracy. 33 illus. 114 pp. 
i8mo. (New York, 1900) 2 6 
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DRAWING. 

The Ornamental Penman's, Engraver's and Sign 
Writer's Pocket Book of Alphabets. By B. 
Alexander. Oblong i2mo, sewed ... .. 06 

The Draughtsman's Handbook of Plan and Map 

Drawing. By G. G. Andre. 87 illus. and 34 

plain and coloured plates, 162 pp. crown 4to. (1891) 9 o 

Slide Valve Diagrams : a French Method for their 
Construction. By L. Bankson. i8mo, boards. 
(New York, 1892) net 20 

A System of Easy Lettering. By J. H. Cromwell. 

With Supplement by G. Martin. Eleventh 

edition, 36 pp. oblong 8vo. (New York, 1911) net 20 

Key to the Theory and Methods of Linear Per- 
spective. By C. W. Dymond, F.S.A. 6 plates, 
32 pp. crown 8vo, limp. (S. & C. Series, No. 20.) 
\191U) ... ... ... ... ... ... net 1 o 

Plane Geometrical Drawing. By R. C. Fawdry. 

Illustrated, 185 pp. crown 8vo. (1901) ... net 30 

Twelve Plates on Projection Drawing. By O. 

Gueth. Oblong 4to. (New York, 1908) ... net 30 

Hints on Architectural Draughtsmanship. By 

G. W. T. Hallatt. Fourth edition, 80 pp. 

i8mo. (1906) net 16 

A First Course of Mechanical Drawing (Tracing). 

By G. Halliday. Oblong 4to, sewed ... ... 2 o 

A Text-Book of Graphic Statics. By C. W. 

Malcolm. 155 illus. 316 pp. 8vo. (New York, 

1909) ... ... ... ... ... ... net 12 6 

Drawings for Medium-sized Repetition Work. 

By R. D, Spinney. With 47 illus. 130 pp. 8vo. 

(1909) ... ... ... ... ... ... net 3 6 

Mathematical Drawing Instruments. By W. F. 

Stanley. Seventh edition, 265 illus. 370 pp. 

crown 8vo. (1900) ... ... ... ... ... 5 o 

The Backbone of Perspective. By T. M. Taylor. 

40 illus. 56 pp. i8mo cloth. (New York, 1911) net 4 6 
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ELECTRICAL ENGINEERING. 

Practical Electric Bell Fitting. By F. C. Allsop. 

Tenth edition, 186 illus. including 8 folding plates, 

185 pp. crown 8vo. (190S) 3 6 

Telephones : their Construction and Fitting. By 
F. C. Allsop. Eighth edition, 184 illus. 222 pp. 
crown 8vo. (1909) ... ... ... ... net 36 

Thermo-electric Reactions and Currents between 
Metals in Fused Salts. By T. Andrews. 8vo, 
sewed. (1896) ... ... ... ... ... 1 o 

Auto-Transformer Design. By A. H. Avery. 

25 illus. 60 pp. 8vo. (1909) ... ... net 36 

Principles of Electric Power (Continuous Current) 
for Mechanical Engineers. By A. H. Bate. 
63 illus. 204 pp. crown 8vo. (1905) (Finsbury 
Technical Manual) .„ ... ... net 46 

Practical Construction of Electric Tramways. 

By William R. Bowker. 93 illus. 119 pp. 8vo. 

(1903) ... ... ... ... ... ... net 6 o 

Electrical Ignition for Internal Combustion 
Engines. By M. A. Codd. 109 illus. 163 pp. 
crown 8vo. (1911) ... ... ... ...net 30 

Design and Construction of Induction Coils. 

By A. F. Collins. 155 illus. 272 pp. demy 8vo. 

(New York, 1909) net 12 6 

Switchboard Measuring Instruments for Con- 
tinuous and Polyphase Currents. By J. C. 
Connan. 1 17 illus. 150 pp. 8vo, cloth. (1908) net 5 o 

Electric Cables, their Construction and Cost. 

By D. Coyle and F. J. O. Howe. With many 
diagrams and 216 tables, 466 pp. crown 8vo, 
leather. (1909) ... ... ... ... net 15 o 

Management of Electrical Machinery. By F. B. 

Crocker and S. S. Wheeler. Eighth edition, 
T31 illus. 223 pp. crown 8vo. (New York, 1909) 

net 4 6 
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Electric Lighting : A Practical Exposition of the 
Art. By F. B. Crocker. Royal 8vo. (New York.) 

Vol. I. The Generating Plant Sixth 

edition, 213 illus. 470 pp. (1904) net 12 6 

Vol. II. Distributing Systems and 

Lamps. Second edition, 391 illus. 

505 pp. (1905) net 12 6 

The Care and Management of Ignition Ac- 
cumulators. By H. H. U. Cross. 12 illus. 74 
pp. crown 8vo, limp. (S. & C. Series, No. 19.) 
(1910) ... ... ... ... ... ... net 1 6 

Elements of Telephony. By A. Crotch. 51 illus. 

90 pp. crown 8vo. limp. (S. & C. Series, No. 21.) 

I .x ts£ -£!••• ••• ••• • • • ••• ••• ••• JL vl 

Elementary Telegraphy and Telephony. By 

Arthur Crotch. 238 illus. 223 pp. 8vo. (Fins- 
bury Technical Manual.) (190S) ... net 46 

Electricity and Magnetism in Telephone Main- 
tenance. By G. W. Cummings. 45 illus. 137 pp. 
8vo. (New York, 1908) ... net 6 6 

Grouping of Electric Cells. By W. F. Dunton. 

4 illus. 50 pp. fcap. 8vo. (1906) ... ... net 16 

Wireless Telegraphy for Intending Operators. 

By C. K. P. Eden. 20 illus. 80 pp. crown 8vo. 
limp. (S. & C. Series, No. 24.) In preparation. 

Magnets and Electric Currents. By Prof. J. A. 

Fleming. Second edition, 136 illus. 417 pp. 

crown 8vo (1902) ... ... ... ... net 5 o 

Notes on Design of Small Dynamo. By George 

Halliday. Second edition, 8 plates, 8vo. (1895) 2 6 

Practical Alternating Currents and Power 
Transmission. By N. Harrison. 172 illus. 
375 PP- crown 8vo. (New York, 1906) ... net 10 6 

Making Wireless Outfits. By N. Harrison. 27 
illus. 61 pp. crown 8vo, limp. (S. & C. Series, 
No. 11.) (New York, 1909) net 1 6 

Wireless Telephone Construction. By N. Harri- 
son. 43 illus. 73 pp. crown 8vo, limp. (S. & C. 
Series, No. 12.) (New York, 1909) ... net 16 
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Testing Telegraph Cables. By Colonel V. Hos- 

kicer. Third edition, crown 8vo. (1889) ... 46 

Long Distance Electric Power Transmission. 

By R. W. Hutchinson. 136 illus. 345 pp. crown 

8vo. (New York, 1907) net 12 6 

Theory and Practice of Electric Wiring. By 

W. S. Ibbetson. 119 illus. 366 pp. crown 8vo. 

\J- oUoj ... ... ... ... ... ... net fj o 

Practical Electrical Engineering for Elementary 
Students. By W. S. Ibbetson. With 61 illus. 
155 pp. crown 8vo. (1910) ... ... net 30 

Form of Model General Conditions recom- 
mended by The Institution of Electrical 
Engineers for use in connection with Electrical 
Contracts. 8vo, sewed. (1906) ... ... net 10 

Telegraphy for Beginners. By W. H. Jones. 19 

illus. 58 pp. crown 8vo. (New York, 1910) net 20 

A Handbook of Electrical Testing. By H. R. 

Kempe. Seventh edition, 285 illus. 706 pp. demy 

8vo. (1908) net 18 o 

How to Become a Competent Motorman. By 

V. B. Livermore and J. Williams. 45 illus. 

252 pp. i2mo. (New York, 1903) net 4 6 

Electromagnets, their design and construction. By 
A. N. Mansfield. 36 illus. 155 pp. i8mo, boards. 
(New York, 1901) ... ... net 20 

Telephone Construction, Methods and Cost. 

By C. Mayer. With Appendices on the cost of 
materials and labour by J. C. Slippy. 103 illus. 
284 pp. crown 8vo. ({New York, 1908) ... net 12 6 

Storage Batteries, Stationary and Portable. 

By J. P. Niblett. 22 illus. 80 pp. crown 8vo. 

(New York, 1911) ... ... ... ... net 26 

Practical Electrics : a Universal Handybook on 
Every Day Electrical Matters. Seventh edition, 
126 illus. 135 pp. 8vo. (S. & C. Series, No. 13.) 
(New York, 1902) net 1 6 

The Voltaic Accumulator : an elementary treatise. 
By E. Reynier. Translated from the French by 
J. A. Berly. 62 illus. 202 pp. 8vo ... ... 9 o 

B 
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Electroplating. By H. C. Reetz. 62 ilius. 99 pp. 

crown 8vo. (New York, 1911) ... ... net 20 

Wiring Houses for the Electric Light. By N. H. 

Schneider. 40 illus. 85 pp. crown 8vo, limp. 

(S. & C. Series, No. 25.) (New York, 1911) net 16 

Induction Coils. By N. H. Schneider. Second 
edition, 79 illus. 285 pp. crown 8vo. (New York, 
■LoUij ... ... ... ... ... ... tiet 4 o 

Electric Gas Lighting. By N. H. Schneider. 
57 illus. 101 pp. i2mo. (S. & C. Series, No. 8.) 
(New York, 1901) net 20 

How to Install Electric Bells, Annunciators and 
Alarms. By N. H. Schneider. 59 illus. 63 pp. 
crown 8vo, limp. (S. & C. Series, No. 2.) (New 
York, 1905) net 1 6 

Modern Primary Batteries, their construction, use 
and maintenance. By N. H. Schneider. 54 
illus. 94 pp. crown 8vo, limp. (S. & C. Series, 
No. 1.) (New York, 1905) net 1 6 

Practical Engineers' Handbook on the Care 
and Management of Electric Power Plants. 

By N. H. Schneider. 203 illus. 274 pp. crown 

8vo. (New York, 1906) ... net 50 

Electrical Circuits and Diagrams, illustrated and 

explained. By N. H. Schneider. 8vo, limp. 

(S. & C. Series, Nos. 3 and 4.) (New York) 

Part 1. 217 illus. 72 pp. (1905) ... net 16 

Part 2. 73 pp. (1909) ... ... ... net 1 6 

Electrical Instruments and Testing. By N. H. 

Schneider. Third edition. 133 illus. 239 pp. 

crown 8 vo. (New York, 1907) ... ... net 46 

Experimenting with Induction Coils. By N. H. 

Schneider. 26 illus. 73 pp. crown 8vo, limp. 

(S. & C. Series, No. 5.) (New York, 1906) net 1 6 

Study of Electricity for Beginners. By N. H. 

Schneider. 54 illus. 88 pp. crown 8vo, limp. 

(S. & C. Series, No. 6.) (New York, 1905) net 1 6 

Wiring Houses for the Electric Light : Low 

Voltage Battery Systems. 44 illus. 86 pp. crown 
8vo, cloth. (S. & C. Series, No. 25.) (New York, 
J. \jJl J. ) ... ... ... ... ... ... net 1 o 
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Low Voltage Electric Lighting with the Storage 
Battery. By N. H. Schneider. 23 illus. 85 pp. 
crown 8vo, cloth. (S. & C. Series, No. 26.) (New 
York, 1911) ... ... net 16 

Dry Batteries : how to Make and Use them. By a 
Dry Battery Expert. With additional notes 
by N. H. Schneider. 30 illus. 59 pp. crown 8vo, 
sewed. (S. & C. Series, No. 7.) (New York, 
1905) ... ... ... ... net 16 

The Diseases of Electrical Machinery. By 

E. Schulz. Edited, with a Preface, by Prof. 

S. P. Thompson. 42 illus. 84 pp. crown 8vo net 20 

Electricity Simplified. By T. O. Sloane. Tenth 
edition, 29 illus. 158 pp. crown 8vo. (New York, 
1901) ... ... ... ... ... ... net 46 

How to become a Successful Electrician. By 

T. O. Sloane. Third edition, illustrated, crown 

8vo. (New York, 1899) net 46 

Electricity: its Theory, Sources and Applications. 
By J. T. Sprague. Third edition, 109 illus. 
658 pp. crown 8vo (1892) net 76 

Telegraphic Connections. By C. Thom and 

W. H. Jones. 20 plates, 59 pp. oblong 8vo. (New 

York, 1892) net 3 6 

Dynamo Electric Machinery. By Prof. S. P. 

Thompson. Seventh edition, demy 8vo. (Fins- 
bury Technical Manual.) 

Vol. I. Continuous-Current Machinery. 

With 4 coloured and 30 folding 

plates, 573 illus. 984 pp. (1904) *et 1 10 o 

Vol.»II. Alternating Current Machinery. 

15 coloured and 24 folding plates, 

546 illus. 900 pp. (1905) net 1 10 o 

Design of Dynamos (Continuous Currents). By 
Prof. S. P. Thompson. 4 coloured and 8 folding 
plates, 243 pp. demy 8vo. (190S) ... ... net 12 o 

Schedule for Dynamo Design, issued with the 
above. 6d. each, 45. per doz., or 18s. per 100 net 
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Curves of Magnetic Data for Various Materials. 

A reprint on transparent paper for office use of 
Plate L from Dynamo Electric Machinery, and 
measuring 25 in. by 16 in. ... net 07 

The Electromagnet. By C. R. Underhill. 67 

illus. 159 pp. crown 8vo. (New York, 1903) net 6 6 

Practical Guide to the Testing of Insulated 
Wires and Cables. By H. L. Webb. Fifth 
edition, 38 illus. 118 pp. crown 8vo. (New York, 
1902) net 46 

Wiring Rules. With Extracts from the Board of 
Trade Regulations and the Home Office Regula- 
tions for Factories and Workshops. Issued by 

The Institution of Electrical Engineers. 

Sixth edition, 42 pp. 8vo, sewed. (1911) net o 6 



FOREIGN EXCHANGE. 

English Prices with Russian Equivalents (at 

Fourteen Rates of Exchange). English prices 
per lb., with equivalents in roubles and kopecks 
per pood. By A. Adiassewich. 182 pp. fcap. 
32mo, roan. (1908\... ... ... ... net 

English Prices with German Equivalents (at 

Seven Rates of Exchange). English prices per 
lb., with equivalents in marks per kilogramme. 
By St. Koczorowski. 95 pp. fcap. 321110, roan. 
1 J. vUifj ... ... ... ... ... ... net 

English Prices with Spanish Equivalents. At 

Seven Rates of Exchange. English prices per 
lb., with equivalents in pesetas per kilogramme. 
By S. Lambert. 95 pp. 32mo, roan. (1910) net 

English Prices with French Equivalents (at 

Seven Rates of Exchange). English prices per 
lb. to francs per kilogramme. By H. P. 
McCartney. 97 pp. 32mo, roan. (1907) net 

Principles of Foreign Exchange. By E. Mathe- 

son. Fourth edition, 54 pp. 8vo, sewed. (1905) 

net 
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GAS AND OIL ENGINES. 

The Theory of the Gas Engine. By D. Clerk. 
Edited by F. E. Idell. Third edition, 19 illus. 
180 pp. i8mo, boards. (New York, 1908) ... net 2 o 

Electrical Ignition for Internal Combustion 
Engines. By M. A. Codd. 109 illus. 163 pp. 
crown 8vo. (1911.) ... ... ... ... net 30 

The Design and Construction of Oil Engines. 

By A. H. Goldingham. Third edition, 112 

illus. 260 pp. crown 8vo. (New York, 1910) net 10 6 

Gas Engine in Principle and Practice. By A. H. 

Goldingham. 107 illus. 195 pp. 8vo, cloth. (New 

York, 1907) ... ... ... ... ... net 6 6 

Practical Hand-Book on the Care and Manage- 
ment of Gas Engines. By G. Lieckfeld. 
Third edition, square i6mo. (New York, 1896) ... 3 6 

Elements of Gas Engine Design. By S. A. Moss. 

197 pp. i8mo, boards. (New York, 1907)... net 2 o 

Gas and Petroleum Engines. A Manual for Stu- 
dents and Engineers. By Prof. W. Robinson. 
(Finsbury Technical Manual.) Third edition in 
preparation 

GAS LIGHTING. 

Gas Analyst's Manual (incorporating Hartley's 
" Gas Analyst's Manual " and " Gas Measure- 
ment "). By J. Abady. 102 illustrations, 576 
pp. demy 8vo. (1902) ... ... ... net 18 o 

Gas Works : their Arrangement, Construction, Plant 
and Machinery. By F. Colyer. 31 folding 
plates, 134 pp. 8vo. (1884) ••• ••• net 8 6 

Transactions of the Institution of Gas En- 
gineers. Edited by Walter T. Dunn, Secretary. 
Published annually. 8vo ... ... ... net 10 6 

Lighting by Acetylene. By F. Dye. 75 illus. 

200 pp. crown 8vo. (1902) ... ... net 60 
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A Comparison of the English and French 
Methods of Ascertaining the Illuminating 
Power of Coal Gas. By A. T. Van Eijnd- 

hoven. Illustrated, crown 8vo. (1897) ... ... 4 o 

Gas Lighting and Gas Fitting. By W. P. Gerhard. 
Second edition, 190 pp. i8mo, boards. (New York, 
±ooJ§.) ... ... ... ... ... ... net 2 o 

A Treatise on the Comparative Commercial 
Values of Gas Coals and Cannels. By D. A. 

Graham. 3 plates, 100 pp. 8vo. (1882) ... 46 

The Gas Engineer's Laboratory Handbook. By 

J. Hornby. Third edition, revised, 70 illus. 330 

pp. crown 8vo. (1911) ... net 60 

Text Book of Gas Manufacture for Students. 

By J. Hornby. Sixth edition, 140 illus. 423 pp. 

8vo. (1911) ... ... ... ... ... net 76 

HISTORICAL .AND BIOGRAPHICAL 

Extracts from the Private Letters of the late 
Sir William Fothergill Cooke, 1836-9, relating 

to the Invention and Development of the Electric 
Telegraph ; also a Memoir by Latimer Clark. 
Edited by F. H.Webb. Sec. InstE.E. 8vo. (1895) 3 o 

A Chronology of Inland Navigation in Great 

Britain. By H. R. De Salis. Crown 8vo. (1897). 4 6 

A History of Electric Telegraphy to the year 

1837. By J. J. Fahie. 35 illus. 542 pp. crown 8vo. 

IxOOi/) ... ... ... ... ... ••• •»• *> w 

History and Development of Steam Locomotion 
on Common Roads. By W. Fletcher. .109 
illus. 288 pp. 8vo ... ... ... ... ... 5 o 

Life as an Engineer: its Lights, Shades, and 
Prospects. By J. W. C. Haldane. 23 plates, 
338 pp. crown 8vo. (1905) ... ... ... net 5 o 

Philipp Reis, Inventor of the Telephone: a Bio- 
graphical Sketch. By Prof. S. P. Thompson. 
8vo, cloth. (1888) 76 

The Development of the Mercurial Air Pump. 

By Prof. S. P. Thompson. Illustrated, royal 8vo, 

sewed. (1888) ... ... ... ... ... 1 6 
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HOROLOGY. 

Watch and Clock Maker's Handbook, Dic- 
tionary and Guide. By F. J. Britten. Tenth 
edition, 450 illus. 492 pp. crown 8vo. (1902) net 

The Springing and Adjusting of Watches. By 

F. J. Britten. 75 illus. 152 pp. crown 8vo. 

\lo<70) ... ... ... ... ... ••• tUt 

Prize Essay on the Balance Spring and its Iso- 
chronal Adjustments. By M. Immisch. 7 illus. 
50 pp. crown 8vo. (1872) 



HYDRAULICS AND HYDRAULIC 

MACHINERY. 

(See also Irrigation and Water Supply.) 

The Suction Caused by Ships explained in popular 
language. By E. S. Bellasis. 2 plates, 26 pp. 
8vo, sewed. (1912) ... ... net 1 o 

Hydraulics with Working Tables. By E. S. 

Bellasis. Second edition, 160 illus. xii. + 311 pp. 

8vo. (1911) ... ... ... net 12 o 

Pumps: Historically, Theoretically and Practically 
Considered. By P. R. BjArling. Second edition, 
156 illus. 234 pp. crown 8vo. (1895) ... ... 7 6 

Pump Details. By P. R. BjGrling. 278 illus. 

211 pp. crown 8vo. (1892) ... 7 6 

Pumps and Pump Motors : A Manual for the use 
of Hydraulic Engineers. By P. R. Bjorling. 
Two vols. 261 plates, 369 pp. royal 4to. (1895) 

net 1 10 o 

Practical Handbook on Pump Construction. 

By P. R. BjOrling. Second edition, 9 plates, 

90 pp. crown 8vo. (1904) ... ... ... ... 5 o 

Water or Hydraulic Motors. By P. R. BjArling. 

206 illus. 287 pp. crown 8vo. (1908) ... ... 9 o 
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Hydraulic Machinery, with an Introduction to 
Hydraulics. By R. G. Blaine. Second edition 
with 307 illus. 468 pp. 8vo. (Finsbury Technical 
Manual). (1905) net 14 o 

Practical Hydraulics. By T. Box. Fifteenth 

edition, 8 plates, 88 pp. crown 8vo. (1909) net 5 o 

The Design of Channels for Irrigation or 

Drainage. By R. B. Buckley. 56 pp. crown 8vo. 

yj.tsJ.jLj ... ... ... ... ... ... nev 2 o 

Hydraulic, Steam, and Hand Power Lifting and 
Pressing Machinery. By F. Colyer. Second 
edition, 88 plates, 211 pp. imperial 8 vo. (1892) net to 6 

Pumps and Pumping Machinery. By F. Colyer. 
Vol. I. Second edition, 53 plates, 212 pp. 8vo 

(1892) ... ... ... ... net 10 6 

Vol. II. Second edition, 48 plates, 169 pp. 8vo. 

(1900) ... ... ... ... net 10 6 

Construction of Horizontal and Vertical Water- 
wheels. By W. Cullen. Second edition, small 
4to. (18/1) ... ... ... ... ... ... 5 o 

A. B. C. of Hydrodynamics. By Lt.-Col. R. de 
Villamil, R.E. (retd.). 48 illus. xi + 135 pp. 
demy 8vo. (1912) ... ... ... ... net 6 o 

Donaldson's Poncelet Turbine and Water Pres- 
sure Engine and Pump. By W. Donaldson. 
4to. (1883) ... ... ... ... ... ... 5 o 

Principles of Construction and Efficiency of 
Waterwheels. By W. Donaldson. 13 illus. 
94 pp. 8vo. (1876) ... ... ... ... ... 5 o 

Practical Hydrostatics and Hydrostatic Formulae. 

By E. S. Gould. 27 illus. 114 pp. i8mo, boards. 

(New York, 1908) ... ... ... ... , net 20 

Hydraulic and other Tables for purposes of 
Sewerage and Water Supply. By T. Hennell. 
Third edition, 70 pp. crown 8vo. (1908) net 4 6 

Tables for Calculating the Discharge of Water 

in Pipes for Water and Power Supplies. In- 
dexed at side for ready reference. By A. E. Silk. 
63 pp. crown 8vo. (1899) ... ... ... ... 5 o 

Simple Hydraulic Formulae. By T. W. Stone. 

9 plates, 98 pp. crown 8vo. (1881) ... ... 40 
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INDUSTRIAL CHEMISTRY AND 
MANUFACTURES. 

Perfumes and their Preparation. By G. W. 

Askinson. Translated from the Third German 
Edition by I. Fuest. Third edition, 32 illus. 
3 1 2* pp. 8 vo. (New York, 1907) net 12 6 

Brewing Calculations, Gauging and Tabulation. 
By C. H. Bater. 340 pp. 641110, roan, gilt edges. 
{1897) ... ... ... ... ... ... net 1 6 

A Pocket Book for Chemists, Chemical Manu- 
facturers, Metallurgists, Dyers, Distillers, etc. 
By T. Bayley. Seventh edition, 550 pp. royal 
32mo, roan, gilt edges. (1905) net 5 o 

Practical Receipts for the Manufacturer, the 
Mechanic, and for Home use. By Dr. H. R. 
Berkeley and W. M. Walker. 250 pp. demy 
8vo. (1902) ... ... ... net 7 6 

A Treatise on the Manufacture of Soap and 

Candles, Lubricants and Glycerine. By W. L. 
Carpenter and H. Leask. Second edition, 
104 illus. 456 pp. crown 8vo. (1895) ... ... 12 6 

A Text Book of Paper Making. By C. F. Cross 
and E. J. Bevan. Third edition, 97 illus. 411 pp. 
crown 8vo. (1907) ... ... net ' 12 6 

C.B.S. Standard Units and Standard Paper 
Tests. By C. F. Cross, E. J. Bevan, C. Beadle 
and R. W. Sindall. 25 pp. crown 4to. (1908) 

net 2 6 

Pyrometry. By C. R. Darling. 60 illus. 200 pp. 

crown 8vo. (1911) ... ... ... ... net 50 

Soda Fountain Requisites. A Practical Receipt 
Book for Druggists, Chemists, etc. By G. H. 
Dubelle. Third edition, 157 pp. crown 8vo. 
(New York, 1905) ... ... ... ... net 46 

Spices and How to Know Them. By W. M. 

Gibbs. With 47 plates, including 14 in colours, 

176 pp. 8 vo. (New York, 1909) ... ... net 15 o 
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The Chemistry of Fire and Fire Prevention. By 
H. and H. Ingle. 45 illus. 290 pp. crown 8vo. 

I JL i7\/\S ) ... ... ••• ■■• ••• ••• ... y \J 

Ice-Making Machines, By M. Ledoux and others. 

Sixth edition. 190 pp. i8mo, boards. (New 

York, 1906) ... ... net 20 

Brewing with Raw Grain. By T. W. Lovibond. 

75 PP- crown 8vo. (1883) 5 o 

The Chemistry, Properties, and Tests of 
Precious Stones. By J. Mastin. 114 pp. 

fcap. i6mo, limp leather, gilt top. (1911) net 26 

Sugar, a Handbook for Planters and Refiners. 

By the late J. A. R. Newlands and B. E. R. 
Newlands. 236 illus. 876 pp. demy 8vo. (London, 
190a ) ... ... ... ... ... ... net 150 

Principles of Leather Manufacture. By Prof. 

H. R. Procter, ioi illus. 520 pp. medium 8vo. 

(1908) ... ... ... ... ... ... net 18 o 

Leather Industries Laboratory Handbook of 

Analytical and Experimental methods. By H. R. 
Procter. Second edition, 4 plates, 46 illus. 
450 pp. demy 8vo. (1908) ... ... ... net 18 o 

Theoretical and Practical Ammonia Refrigera- 
tion. By I. I. Redwood. Sixth thousand, 
15 illus. 146 pp. square i6mo. (New York, 1909) net 46 

Breweries and Maltings. By G. Scammell and 
F. Colyer. Second edition, 20 plates, 178 pp. 
8vo. (1880) ... ... ... net 60 

Factory Glazes for Ceramic Engineers. By 

H. Rum-Bellow. Folio. Series A, Leadless 
Sanitary Glazes. (1908) ... ... ... net 2 2 o 

Text Book of Physical Chemistry. By C. L. 

Speyers. 224 pp. demy 8vo. (New York, 1898) 9 o 

Spons' Encyclopaedia of the Industrial Arts, 

Manufactures and Commercial Products. 
1500 illus. 2100 pp. super- royal 8vo. (1882) 

In 2 Vols, cloth ... ... ... net 2 2 o 

Pigments, Paints and Painting. By G. Terry. 

49 illus. 392 pp. crown 8vo. (1898) 76 
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The Absorption Refrigerating Machine. By 

G. T. Voorhees. 42 illus. 144 pp. narrow crown 

8vo. (New York, 1911) net 8 6 

Tables for the Quantitative Estimation of the 

Sugars. By E. Wein and W. Frew. Crown 8vo. 

^iOvO I ... ••• «.. ... ... aa » ••• \J \J 

The Puering, Bating and Drenching of Skins. 

By J. T. Wood. (In the Press) 

Workshop Receipts. For the use of Manu- 
facturers, Mechanics and Scientific Amateurs. 
New and thoroughly Revised Edition, crown 
8vo. (1909) ... ... ... ... each net 3 o 

Vol. I. Acetylene Lighting to Drying. 

223 illus. 532 pp. 
Vol. II. Dyeing to Japanning. 259 illus. 

54o pp. 
Vol. III. Jointing Pipes to Pumps. 256 

illus. 528 pp. 

Vol. IV. Rainwater Separators to Wire 

Rope, Splicing. 321 illus. 

540 PP- 

Practical Handbook on the Distillation of Alco- 
hol from Farm Products. By F. B. Wright. 
Second edition, 60 illus. 271 pp. crown 8vo. (New 
York, 1907) net 46 

The Manufacture of Chocolate and other Cacao 
Preparations. By P. Zipperer. Second edition, 
87 illus. 280 pp. royal 8vo. (1902) ... net 16 o 

INTEREST TABLES. 

The Wide Range Dividend and Interest Cal- 
culator, showing at a glance the Percentage on 
any sum from One Pound to Ten Thousand 
Pounds, at any Interest, from 1 % to 12J %, pro- 
ceeding by J %. By A. Stevens. 100 pp. super 
royal 8vo, quarter-bound. (1911) ... net 12 6 

The Wide Range Income Tax Calculator, 

showing at a glance the Tax on any sum from 
One Shilling to Thousand Pounds, at the Rate 
of 9</., 1/- and 1/2 in the Pound. By A. 
Stevens. On folding card, imperial 8vo net 10 
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IRRIGATION. 

Punjab Rivers and Works. By E. S. Bellasis. 

47 illus. 65 pp. folio, cloth. (1911) ... net 8 o 

Irrigation Pocket Book. By R. B. Buckley. 
419 pp. crown 8vo, leather cloth with rounded 
corners. (1911) ... ... ... ... net 12 6 

The Design of Channels for Irrigation and 

Drainage. By R. B. Buckley. 22 diagrams, 

56 pp. crown 8vo. (1911) ... ... ... net 20 

The Irrigation Works of India. By R. B. 

Buckley. Second edition, with coloured maps 

and plans. 336 pp. 4to, cloth. (1905) ... net 2 2 o 

Irrigated India. By Hon. Alfred Deakin. With 

Map, 322 pp. 8vo. (189S) 8 6 

Indian Storage Reservoirs, with Earthen Dams. 

By W. L. Strange. 14 plates and 53 illus. 379 

pp. demy 8vo. (1904) net 1 1 o 

Irrigation Farming. By L. M. Wilcox. Revised 
edition, 113 illus. 494 pp. crown 8vo. (New 
1 otnj ... ... ... ... ... ... net o o 

Egyptian Irrigation. By Sir W. Willcocks. 
Third edition in preparation. 

A few copies of the First Edition (1889) are still to 
be had. Price 15s. net. 

The Nile Reservoir Dam at Assuan, and After. 
By Sir W. Willcocks. Second edition, 13 plates, 
super-royal 8vo. (1903) net 6 o 

The Assu&n Reservoir and Lake Moeris. By 

Sir W. Willcocks. With text in English, 
French and Arabic. 5 plates, 116 pp. super- 
royal 8vo. (190 Ji) net 5 o 

The Nile in 1904. By Sir W. Willcocks. 

30 plates, 200 pp. super-royal 8vo. (1904) net 9 o 
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LOGARITHM TABLES. 

Aldum's Pocket Folding Mathematical Tables. 

Four-figure logarithms, and Anti-logarithms, 
Natural Sines, Tangents, Cotangents, Cosines, 
Chords and Radians for all angles from i to 90 
degrees. And Decimaliser Table for Weights 
and Money. On folding card. Net qd. 20 copies, 
net 6s. 

Tables of Seven-figure Logarithms of the Natural 
Numbers from 1 to 108,000. By C. B abb age. 
Stereotype edition, 8vo ... ... ... ... 7 6 

Four-Place Tables of Logarithms and Trigono- 
metric Functions. By E. V. Huntington. 
Ninth thousand, 34 pp. square 8vo, limp buckram, 
with cut lateral index. (New York, 1911.) net 3 o 

Short Logarithmic and other Tables. By W. C. 

Unwin. Fourth edition, small 4*0 ... ... 3 o 

Logarithmic Land Measurement. By J. Wallace. 

32 pp. royal 8vo. (1910) ... ... ... net 5 o 

A. B. C. Five-figure Logarithms with Tables, 

for Chemists. By C. J. Woodward. Crown 

8vo ... ... ... ... ... ... net 2 6 

A. B. C. Five-figure Logarithms for general use, 
with lateral index for -ready reference. By C. J. 
Woodward. Second edition, with cut lateral 
Index, 116 pp. i2mo, limp leather ... net 3 o 

MARINE ENGINEERING 
AND NAYAL ARCHITECTURE. 

Marine Propellers. By S. W. Barnaby. Fifth 

edition, 5 plates, 56 illus. 185 pp. demy 8vo. 

(1908) ... net 10 6 

Marine Engineer's Record Book: Engines. 

By B. C. Bartley. 8vo, roan ... ... net 50 

The Suction Caused by Ships and the Olympic- 
Hawke Collision. By E. S. Bellasis. i chart 

and 5 illus. in text, 26 pp. 8vo, sewed. (1912) net 10 
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Yachting Hints, Tables and Memoranda. By A. C. 
Franklin. Waistcoat pocket size, 103 pp. 64010, 
roan, gilt edges ... ... ... ... net 1 o 

Steamship Coefficients, Speeds and Powers. 

By C. F. A. Fyfe. 31 plates, 280 pp. fcap. 8vo, 

leather. (1907) ... ... ... ... net 10 6 

Steamships and Their Machinery, from first to 
last. By J. W. C. Haldane. 120 illus. 532 pp. 
8vo. (189S) ... ... ... ... ... ... 15 o 

Tables for Constructing Ships' Lines. By 

A. Hogg. Third edition, 3 plates, 20 pp. 8vo, 

sewed (1911) ... ... ... ... net 30 

Submarine Boats. By G. W. Hovgaard. 2 plates, 

98 pp. crown 8vp. (1887) ... ... ... ... 50 

Tabulated Weights of Angle, Tee, Bulb, Round, 
Square, and Flat Iron and Steel for the use of 
Naval Architects, Ship-builders, etc. By C. H. 
Jordan. Sixth edition, 640 pp. royal 32mo, 
French morocco, gilt edges. (1909) ... net 76 

Particulars of Dry Docks, Wet Docks, Wharves, 
etc. on the River Thames. Compiled by C. H. 
Jordan. Second edition, 7 coloured charts, 103 
pp. oblong 8vo. (1904) ••• ••• ••• net 2 6 

Marine Transport of Petroleum. By H. Little. 

66 illus. 263 pp. crown 8vo. (1890) ... ... 10 6 

Questions and Answers for Marine Engineers, 

with a Practical Treatise on Breakdowns at Sea. 
By T. Lucas. 12 folding plates, 515 pp. gilt 
edges, crown 8vo. (New York, 1902) ... net 80 

Reed's Examination Papers for Extra First 

Class Engineers. Fourth edition, 14 plates and 

188 illus. 550 pp. 8vo. (1902) net 18 o 

Reed's Engineers' Handbook to the Board of 
Trade Examinations for certificates of Com- 
petency as First and Second Class Engineers. 
Nineteenth edition, 37 plates, 358 illus. 696 pp. 
ovo ... ... ... ... ... ... net 14. o 

Reed's Marine Boilers. Second edition, crown 8vo 

net 46 

Reed's Useful Hints to Sea-going Engineers. 

Fourth edition, 8 plates, 50 illus. 312 pp. crown 

8vo. (1908) net 36 
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MATERIALS. 

Practical Treatise on the Strength of Materials. 

By T. Box. Fourth edition, 27 plates, 536 pp. 

8vo. (1902) net 12 6 

Treatise on the Origin, Progress, Prevention 
and Cure of Dry Rot in Timber. By T. A. 

Britton. 10 plates, 519 pp. crown 8vo. (1875) 7 6 

Stone : how to get it and how to use it. By Major- 
Gen. C. E. Luard, R.E. 8vo, sewed. (1890) ... 2 o 

Solid Bitumens. By S. F. Peckham. 23 illus. 

324 pp. 8vo. (New York, 1909) net 1 1 o 

Lubricants, Oils and Greases. By I. I. Redwood. 

3 plates, 8vo.^(1898) net 6 6 

Practical Treatise on Mineral Oils and their 

By-Products. By I. I. Redwood. 67 illus. 336 pp. 

demy 8vo. (1897) 15 o 

Silico-Calcareous Sandstones, or Building Stones 

from Quartz, Sand and Lime. By E. Stoffler. 

5 plates, 8vo, sewed. (1901) ... ... net 40 

Proceedings of the Fifth Congress, Inter- 
national Association for Testing Materials. 

English edition. 189 illus. 549 pp. demy 8vo. 

(1910). 

Paper ... ... ... ... ... net 15 o 

Cloth ... .. ... ... ... net 18 o 



MATHEMATICS. 

Imaginary Quantities. By M. Argand. Trans- 
lated by Prof. Hardy. i8mo, boards. (New York) 

net 20 

Text Book of Practical Solid Geometry. By 

E. H. de V. Atkinson. Revised by Major B. R. 
Ward, R.E. Second edition, 17 plates, 8vo. 

\ J. isl/j. J... . . • ... *•» ... ... ... j O 
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Quick and Easy Methods of Calculating, and 

the Theory and Use of the Slide Rule. By 
R. G. Blaine. Third edition, 6 illus. 152 pp. 
i6mo, leather cloth. (1907) ... 2 6 

Symbolic Algebra, or the Algebra of Algebraic 
Numbers. By W. Cain. i8mo, boards. (New 
York) ... ... ... ... ... ... net 20 

Nautical Astronomy. By J. H. Colvin. 127 pp. 

crown, 8vo. (1901) ... ... ... net 2 6 

Chemical Problems. By J. C Foye. Fourth edition, 

141 pp. 1 8mo, boards. (New York, 1898). .. net 20 

Primer of the Calculus. By E. S. Gould. Second 

edition, 24 illus. 122 pp. i8mo, boards. (New 

York, 1899) ... ... ... ... ... net 2 o 

Elementary Treatise on the Calculus for Engineer- 

ing Students. By J. Graham. Third edition, 
276 pp. crown 8vo. (Finsbury Technical 

Manual.) (1905) 7 6 

Manual of the Slide Rule. By F. A. Halsey. 
Second edition, 31 illus. 84 pp. i8mo, boards. 
(New York, 1901) net 2 o 

Reform in Chemical and Physical Calculations. 

By C. J. T. Hanssen. 4:0. (1897) ... net 6 6 

Algebra Self-Taught. By P. Higgs. Third edition, 

104 pp.crown 8vo. (1908) ... ... ... ... 2 6 

A Text-book on Graphic Statics. By C. W. 

Malcolm. 155 illus. 316 pp. 8vo. (New York, 

1909) ... ... ... ... ... ... net 12 6 

Galvanic Circuit investigated Mathematically. 

By G. S. Ohm. Translated by William Francis. 

269 pp. i8mo, boards. (New York, 1891) ... net 20 

Elementary Practical Mathematics. By M. T. 

Ormsby. Second edition, revised. 410 pp. medium 

8vo. (1911) ... ... ... ... ... net 5 o 

Elements of Graphic Statics. By K. Von Ott. 

Translated by G. S. Clarke. 93 illus. 128 pp. 

crown 8vo. (1901) ... ... ... ... ... 5 o 

Figure of the Earth. By F. C. Roberts. i8mo, 

boards. (New York) ... ... ... ... net 2 o 
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Arithmetic of Electricity. By T. O'C. Sloane. 

Thirteenth edition, crown 8vo. (New York, 

•Lwij ... ... ... ... ## , ... net a. o 

Graphic Method for Solving certain Questions 
in Arithmetic or Algebra. By G. JL. Vose. 
Second edition with 28 illus. 62 pp. i8mo, boards. 
(New York, 1902) net 20 

Problems in Electricity. A Graduated Collection 
comprising all branches of Electrical Science. 
By R. Weber. Translated from the French by 
E. A. O'Keefe. 34 illus. 366 pp. crown 8vo 
(1902) net 76 



MECHANICAL ENGINEERING. 

Steam Engines and Boilers, etc. 

Engineers' Sketch Book of Mechanical Move- 
ments. By T. W. Barber. Fifth edition, 3000 
illus. 355 pp. 8vo. (1906) net 10 6 

The Repair and Maintenance of Machinery. By 

T. W. Barber. 417 illus. 476 pp. 8vo. (1895) ... 10 6 

Slide Valve and its Functions, with special • 

reference to Modern Practice in the United 
States. By J. Begtrup. 90 diagrams, 146 pp. 
medium 8 vo. (New York, 1902) net 80 

Practical Treatise on Mill Gearing. By T. Box. 
Fifth edition, 11 plates, 128 pp. crown 8vo. 

KJ.Ov7i)t ... ... ... ... ... ... ... / O 

The Mechanical Engineers' Price Book, 1912. 

Edited by G. Brooks. With Diary snowing 
week at an opening. 176 pp. pocket size (6£ in. 
by 3f in. by \ in. thick), leather cloth, with 
rounded corners. . (1912) ... ... ... net 40 

Safety Valves. By R. H. Buell. Third edition, 
20 illus. 100 pp. i8mo, boards. (New York, 1898) 

net 2 o 
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Machine Design. By Prof. W. L. Cathcart. 

Part I. Fastenings. 123 illus. 291 pp. 

demy 8vo. (New York, 1908) ... net 12 6 

Chimney Design and Theory. By W. W. 

Christie. Second edition, 54 illus. 192 pp. 

crown 8 vo. (New York, 1902) net 12 6 

Furnace Draft : its Production by Mechanical 
Methods. By W. W. Christie. 5 illus. 80 pp. 
i8mo, boards. (New York, 1906) net 20 

Working and Management of Steam Boilers 
and Engines. By F. Colyer. Second edition, 
108 pp. crown 8vo. (1902) 3 6 

The Stokers' Catechism. By W. J. Connor. 

63 pp. limp cloth. (1906) net 10 

Treatise on the use of Belting for the Transmission 
of Power. By J. H. Cooper. Fifth edition, 94 illus. 
399 PP- demy 8vo. (New York, 1901) ... net 12 6 

The Steam Engine considered as a Thermo- 
dynamic Machine. By J. H. Cotterill. Third 
edition, 39 diagrams, 444 pp. 8vo. (1896) ... 15 o 

Fireman's Guide, a Handbook on the Care of 
Boilers/ By K. P. Dahlstrom. Eleventh edition, 
fcap. 8vo, limp. (S. & C. Series, No. 16.) (New 
York % 1906) net 16 

Heat for Engineers. By C. R. Darling, iio illus. 
430 pp. 8vo. (Finsbury Technical Manual.) 
(1908) ... ... ... ... ... ... net 12 6 

Diseases of a Gasolene Automobile, and How to 

Cure Them. By A. L. Dyke. 127 illus. 201 pp. 

crown 8 vo. (New York, 1908) ... ... net 6 6 

Belt Driving. By G. Halliday. 3 folding plates, 

100 pp. 8vo. (1894) ... 3 6 

Worm and Spiral Gearing. By F. A. Halsey. 

13 plates, 85 pp. i8mo, boards. (New York 9 1908) 

net 20 

Commercial Efficiency of Steam Boilers. By 

A. Hanssen. Large 8vo, sewed. (1898) ... o 6 

Corliss Engine. By J. T. Henthorn. Third 
edition, 23 illus. 95 pp. square i6mo. (S. & C. 
Series, No. 23.) (New York, 1910) ... net 16 
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Liquid Fuel for Mechanical and Industrial Purposes. 
By E. A. Brayley Hodgetts. 106 illus. 129 pp. 
8vo. (1890) ... 5 o 

Elementary Text-Book on Steam Engines and 

Boilers. By J. H. Kinealy. Fourth edition, 

106 illus. 259 pp. 8vo. (New York, 1908) ... net 8 6 

Centrifugal Fans. By T. H. Kinealy. 33 illus. 

206 pp. fcap. 8vo, leather. (New York, 1905) net 12 6 

Mechanical Draft. By J. H. Kinealy. 27 original 
tables and 13 plates, 142 pp. crown 8vo. (New 
York, 1906) net 8 6 

The A. B. C. of the Steam Engine, with a 

description of the Automatic Governor. By 
J. P. Lisk. 6 plates, i2mo. (S. & C. Series, 
No. 17.) (New York, 1910) ... net 16 

Valve Setting Record Book. By P. A. Low. 8vo, 

UUdlUjiti ... ... ... ... ... ... X. yj 1 

The Lay-out of Corliss Valve Gears. By S. A. 

Moss. Second edition, 3 plates, 108 pp. i8mo, 

boards.. (New York, 1906) ... ... ... net 2 o 

Steam Boilers, their Management and Working. 
By J. Peattie. Fifth edition, 35 illus. 230 pp. 
crown 8vo. (1906) ... ... ... ... net 4 6 

Treatise on the Richards Steam Engine Indi- 
cator. By C. T. Porter. Sixth edition, 3 plates 
and 73 diagrams, 285 pp. 8vo. (1902) ... ... 90 

Practical Treatise on the Steam Engine. By 

A. Rigg. Second edition, 103 plates, 378 pp. 

demy 4to. (1894) ... ... ... ... ...150 

Power and its Transmission. A Practical Hand- 
book for the Factory and Works Manager. By 
T. A. Smith. 76 pp. fcap. 8vo. (1910) ... net 20 

Drawings for Medium Sized Repetition Work. 

By R. D. Spinney. With 47 illus. 130 pp. 8vo. 

(1909) ... ... ... ... ... ... net 3 6 

Slide Valve Simply Explained. By W. J. Ten- 

nant. Revised by J. H. Kinealy. 41 illus. 

83 pp. crown 8vo. (New York, 1899) ... net 46 

Shaft Governors. By W. Trinks and C. Hoosum. 
27 illus. 97 pp. i8mo, boards. (New York, 1905) 

net 2 o 

c 2 
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Treatise on the Design and Construction of 
Mill Buildings. By H. G. Tyrrell. 652 illus. 
490 pp, 8vo. (New York, 1911) ... ... net 17 

Slide and Piston Valve Geared Steam Engines. 

By W. H. Uhland. 47 plates and 314 illus. 155 pp. 

Two vols, folio, half morocco. (1882) ... ... 1 16 

How to run Engines and Boilers. By £. P. 

Watson. Fifth edition, 31 illus. 160 pp. crown 

8vo. (New York, 190 Jj) ... 3 

Position Diagram of Cylinder with Meyer Cut- 
off. By W. H. Weightman. On card. (New 
x or J*] ... ... ... ... .»• ... net 1 

Practical Method of Designing Slide Valve 
Gearing. By E. J. Welch. 69 diagrams, 283 pp. 
Crown 8vo. (1890) ... ... ... ... ... 6 

Elements of Mechanics. By T. W. Wright. 
Eighth edition, illustrated, 382 pp. 8vo. (New 
York, 1909) ... ... ... ... ... net 10 



METALLURGY. 

Iron and Steel Manufacture. 

Life of Railway Axles. By T. Andrews. 8vo, 

sewed. (1895) ... ... ... ... ... 1 

Microscopic Internal Flaws in Steel Rails and 
Propeller Shafts. By T. Andrews. 8vo, sewed. 

IXOtsO) ... ... ••• »•• ••• ••• ••• ^ 

Microscopic Internal Flaws, Inducing Fracture 

in Steel. By T. Andrews. 8vo, sewed. (1896) 2 

Relations between the Effects of Stresses slowly 

applied and of Stresses suddenly applied in the 
case of Iron and Steel : Comparative Tests 
with Notched and Plain Bars. By P. Breuil. 
23 plates and 60 illus. 151 pp. 8vo. (1904) net 8 

Practical Alloying. A compendium of Alloys and 
Processes for Brassfounders, Metal Workers, and 
Engineers. By John F. Buchanan. With 41 
illus. 205 pp. 8vo, cloth. (New York, 1911) net 10 
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Brassfounders' Alloys. By J. F. Buchanan. Illus- 
trated, 129 pp. crown 8vo. (1905) ... net 4 6 

The Moulder's Dictionary (Foundry Nomen- 
clature). A concise guide to Foundry Practice 
By John F. Buchanan. Illustrated, 225 pp. 
crown 8vo. (1903) net 30 

American Standard Specifications for Steel. By 

A. L. Colby. Second edition, revised, 103 pp. 

crown 8vo. (New York, 1902) net 50 

Pyrometiy. By C. R. Darling. 60 illus. 200 pp. 

crown 8vo. (1911) net 5 o 

Galvanised Iron : its Manufacture and Uses. By 

J. Davies. 139 pp. 8vo. (1899) net 5 o 

Management of Steel. By G. Ede. Seventh 

edition, 216 pp. crown 8vo. (1908) ... ... 50 

Galvanising and Tinning, with a special Chapter 
on Tinning Grey Iron Castings. By W. T. 
Flanders. 8vo. (New York) ... ... net 8 6 

The Frodair Handbook for Ironfounders. 160 

pp. i2mo. (1910) ... ... ... ... net 20 

Cupola Furnace. A practical treatise on the 
Construction and Management of Foundry 
Cupolas. By E. Kirk. Third edition, 106 illus. 
484 pp. demy 8vo. (New York, 1910) ... net 150 

Practical Notes on Pipe Founding. By J. W. 

Macfarlane. 15 plates, 148 pp. 8vo ... ... 12 6 

Atlas of Designs concerning Blast Furnace 
Practice. By M. A. Pavloff. 127 plates, 14 in. 
by io£ in. oblong, sewed. (1902) ... ... net 1 1 

Album of Drawings relating to the Manufacture 
of Open Hearth, Steel. By M. A. Pavloff. 

Part I. Open Hearth Furnaces. 52 
plates, 14 in. by io£ in. oblong folio in 
portfolio. (1904) ... ... pei 12 o 
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Metallography Applied to Siderurgic Products. 
By H. Savoia. Translated . by R. G. Corbet. 
With 94 illus. 180 pp. crown 8vo. (1910) net 4 6 

Modern Foundry Practice. Including revised 

subject matter and tables from Spretson's 
" Casting and Founding." By J. Sharp. Second 
edition, 272 illus. 759 pp. 8vo. (1905) ... net 1 1 o 

Roll Turning for Sections in Steel and Iron. 

By A. Spencer. Second edition, 78 plates, 4to. 

(jLo&Jpj ... ... ... ••■ ... ... ••• I IO O 



METRIC TABLES. 

French Measure and English Equivalents. By 

J. Brook. Second edition, 80 pp. fcap. 321110, 
roan. (1906) net 

A Dictionary of Metric and other useful Mea- 
sures. By L. Clark. 113 pp. 8vo. (1891) ... 

English Weights, with their Equivalents in 
kilogrammes. By F. W. A. Logan. 96 pp. 
fcap. 32mo, roan. (1906) ... ... ... net 

Metric Weights with English Equivalents. By 

H. P. McCartney. 84 pp. fcap. 321110. (1907) 

net 

Metric Tables. By Sir G. L. Molesworth. Fourth 
edition, 95 pp. royal 32010. (1909) ... net 

Tables for Setting out Curves from 200 metres 

to 4000 metres by tangential angles. By H. 
Williamson. 4 illus. 60 pp. i8mo. (1908) net 



MINERALOGY AND MINING. 

Rock Blasting. By G. G. Andre. ,12 plates and 

56 illus. in text, 202 pp. 8vo. (1878) ... ... 50 

Winding Plants for Great Depths. By H. C. 

Behr. In two parts. 8vo, sewed. (1902) net 2 2 o 
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Practical Treatise on Hydraulic Mining in 
California. By A. J. Bowie, Jun. Tenth 
edition, 73 illus. 313 pp. royal 8vo. (New York, 
1905) net 1 1 o 

Tables for the Determination of Common 

Rocks. By O. Bowles. 64 pp. i8mo, boards. 
(Van Nostrand Series, No. 125.) (New York, 
1910) ... ... ... ... ... ... net 20 

Manual of Assaying Gold, Silver, Copper and 

Lead Ores. By W. L. Brown. Twelfth edition, 

132 illus. 589 pp. crown 8vo. (New York, 1907) net 10 6 

Fire Assaying. By E. W. Buskett. 69 illus. 

105 pp. crown 8vo. (New York, 1907) ... net 4 6 

Tin : Describing the Chief Methods of Mining, Dress- 
ing, etc. By A. G. Charleton. 15 plates, 83 pp. 
crown 8vo. (1884) ... ... .. ... ... 12 6 

Gold Mining and Milling in Western Australia, 
with Notes upon Telluride Treatment, Costs and 
Mining Practice in other Fields. By A. G. 
Charleton. 82 illus. and numerous plans and 
tables, 648 pp. super-royal 8vo. (1908) ... net 1 $ o 

Miners' Geology and Prospectors' Guide. By 

G. A. Corder. 29 plates; 224 pp. crown 8vo. 

(1907) net 5 o 

Blasting of Rock in Mines, Quarries, Tunnels, 

etc. By A. W. and Z. W. Daw. Second edition, 

90 illus. 316 pp. demy 8vo. (1909) ... net 15 o 

Handbook of Mineralogy ; determination and de- 
scription of Minerals found in the United States. 
By J. C. Foye. i8mo, boards. (New York, 1886) 

net 2 o 

Conversations on Mines. By W. Hopton. Ninth 

edition, 33 illus.' 356 pp. crown 8vo. (1891) ... 4 6 

Our Coal Resources at the End of the Nineteenth 
Century. By Prof. E. Hull. 157 pp. demy 8vo. 

I JOt// I ... ... ... ... ... ... ... \J \J 

Hydraulic Gold Miners' Manual. By T. S. G. 

Kirkpatrick. Second edition, 12 illus. 46 pp. 

crown 8vo. (1897) ... ... ... ... ... 4 o 

Economic Mining. By C. G. W. Lock. 175 illus. 

680 pp. 8vo. (1895) ... ... ... net 10 6 



40 E: & F. N. 8PON, Limited. 



Gold Milling: Principles and Practice. By C. G. W. 

Lock. 200 illus. 850 pp. demy 8vo. (1901) net 1 1 o 

Mining and Ore -Dressing Machinery. By 

C. G. W. Lock. 639 illus. 466 pp. super-royal 4to. 

I J- O ij\J J ... ... *•• ... ... . . « ... A j U 

Miners' Pocket Book. By C. G. W. Lock. Fifth 
edition, 233 illus. 624 pp. fcap. 8vo, roan, gilt 
edges. (1908) ... ... net 10 6 

Chemistry, Properties and Tests of Precious 

Stones. By J. Mastin. 114 pp. fcap. i6mo, limp 

leather, gilt top. (1911) ... ... ... net 26 

Tests for Ores, Minerals and Metals of Com- 
mercial Value. By R. L. McMechen. 152 pp. 
i2mo. (New York, 1907) net 5 6 

Practical Handbook for the Working Miner 
and Prospector, and the Mining Investor. By 
J. A. Miller. 34 illus. 234 pp. crown 8vo. 

iJLOis/ J ... ... ... ... ... ... ... J \J 

Theory and Practice of Centrifugal Ventilating 
Machines. By D. Murgue. 7 illus. 81 pp. 8vo. 

lJ.OOt?) ... ... ... ... ... ... ... j yJ 

Examples of Coal Mining Plant. By J. Povey- 

Harper. Second edition, 40 plates, 26 in. by 

20 in. (1895) net 4 4 o 

Examples of Coal Mining Plant, Second Series. 

By J. Povey-Harper. 10 plates, 26 in. by 20 in. 

(1902) if** 1 12 6 



MODELS AND MODEL MAKING. 

How to Build a Model Yacht. By H. Fisher. 
Numerous illustrations, 50 pp. 4to. (New York, 
1902) net 46 

Model Engines and Small Boats. By N. M. 

Hopkins. 50 illus. crown 8vo. (New York, 1898) 

net 59 
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The Gyroscope, an Experimental Study. By 

V. E. Johnson. 34 illus. 40 pp. crown 8vo,limp. 

(S. & C. Series, No. 22.) (1911) net 1 6 

The Model Vaudeville Theatre. By N. H. 

Schneider. 34 illus. 90 pp. crown 8vo, limp. 

(S. & C. Series, No. 15.) New York, 1910) ... 1 6 

Electric Toy-Making. By T. O. Sloane. Fif- 
teenth edition, 70 illus. 183 pp. crown 8vo. (New 
York, 1908) net 4 6 

Model Steam Engine Design. By R. M. De 

Vignier. 34 illus. 94 pp. crown 8vo, limp. (S. & C. 

Series, No. 9.) (New York, 1907) ... net 1 6 

Small Engines and Boilers. By E. P. Watson. 
30 full page working drawings, crown 8vo. (New 
York, 1899) ... ... ... ... ... net 56 



ORGANISATION. 

Accounts, Contracts and Management. 

Organisation of Gold Mining Business, with , 

Specimens of the Departmental Report Books 
and the Account Books. By Nicol Brown. 
Second edition, 220 pp. fcap. folio. (1903) net 1 5 

Cost Keeping and Management Engineering. 

A Treatise for those engaged in Engineering Con - 
struction. By H. P. Gillette and R. T. Dana. 
With 184 illus. 346 pp. 8vo. (New York, 1909) net 15 

Manual of Engineering Specifications and Con- 
tracts. By L. M. Haupt. Eighth edition, 338 pp. 
8vo. (New York, 1900) ... ... ... net 12 

Handbook on Railway Stores Management. 

By W. O. Kempthorne. 268 pp. demy 8vo. 
(1907) ... ... ... ... ... ... net 10 

Depreciation of Factories, Municipal, and In- 
dustrial Undertakings, and their Valuation. By 
E. Matheson. Fourth edition, 230 pp. 8vo, 
cloth. (1910) ... ... ... ... net 10 
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Aid Book to Engineering Enterprise. By £. 

Matheson. Third edition, 916 pp. 8vo, buckram. 

liOvOi ... ... ... mi ... ••• ••• A *L \J 

Office Management. A handbook for Architects 
and Civil Engineers. By W. Kaye Parry. 
New impression, 187 pp. medium 8vo. (1908) net 5 o 

Commercial Organisation of Engineering Fac- 
tories. By H. Spencer. 92 illus. 221 pp. 8vo. 
(1907) ... ... ... ... ... ... net 10 6 



PHYSICS. 

Colour, Heat and Experimental Science. 

The Entropy Diagram and its Applications. By 

M. J. Boulvin. 38 illus. 82 pp. demy 8vo. (1898) 5 o 

Physical Problems and their Solution. By A. 

Bourgougnon. 224 pp. i8mo, boards. (New 

York, 1897) ... ... ... ... ... net 20 

Heat for Engineers. ByC. R. Darling. 1 10 illus. 
430 pp. 8vo. (Finsbury Technical Manual.) 
(1908) net 12 6 

The Colourist. A method of determining colour 
harmony. By J. A. H. Hatt. 2 coloured plates, 
80 pp. 8vo. (New York, 1908) net 6 6 

Engineering Thermodynamics. By C. F. Hirsch- 
feld. 22 illus. 157 pp. i8mo, boards. (New York, 
1907) net 20 

Experimental Science : Elementary, Practical and 
Experimental Physics. By G. M. Hopkins. 
Twenty-third edition, 920 illus. 1100 pp. large 8vo. 
(New York, 1902) net 1 1 o 

Reform in Chemical and Physical Calculations. 

By C J. T. Hanssen. Demy 4to. (1897) net 6 6 

Introduction to the Study of Colour Phenomena. 

By J. W. Lovibond. 10 hand coloured plates, 

48 pp. 8vo. (1905) ... ... ... ... net 5 o 
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Practical Laws and Data on the Condensation 
of Steam in Bare Pipes ; to which is added a 

Translation of Peclet's Theory and Experi- 
ments on the Transmission of Heat through In- 
sulating Materials. By C. P. Paulding. 184 
illus. 102 pp. demy 8vo. (New York, 1904) net 8 6 

The Energy Chart. Practical application to 
reciprocating steam-engines. By Captain H. R. 
Sankey. 157 illus. 170 pp. 8vo. (1907) ... net 7 6 



PRICE BOOKS, 

The Mechanical Engineers' Price Book, 1912. 

With Diary. By G. Brooks. 176 pp. pocket 
size (6£ in. by 3f in. by ^ in. thick), leather cloth, 
with rounded corners. (1912) ... ... net 40 

Approximate Estimates. By T. E. Coleman. 
Third edition, 481 pp. oblong 32010, leather. 
(1907) ... ... net 50 

The Civil Engineers' Cost Book. By Major 

T. E. Coleman, xii. 4- 289 pp. pocket size (6£ in. 

by 3f in.), leather cloth. (1912) net 50 

Railway Stores Price Book. By W. O. Kemp- 

thorne. 500 pp. demy 8vo. (1909) ... net 10 6 

Handbook of Cost Data for Contractors and 
Engineers. By H. P. Gillette. 1854 pp. 
crown 8vo, leather, gilt edges. (New York, 1910) 

net 1 1 o 

Telephone Construction, Methods and Cost. 

By C. Mayer. With Appendices on the cost of 
Materials and Labour. By J. E. Slippy. 103 
illus. 284 pp. crown 8vo. (New York) ... net 12 6 

Concrete Construction, Methods and Cost. By 

H. P. Gillette and C. S. Hill. 310 illus. 690 

pp. 8vo. (New York, 1908) net 1 1 o 

Spons' Architects' and Builders' Pocket Price- 
Book and Diary, 1912. Edited by Clyde 
Young. Revised by Stanford M. Brooks. Illus- 
trated, 239 pp. green leather cloth. With Diary 
showing a week at an opening. (Size 6£ in. by 
3J in. by \ in. thick). Issued annually ... net 26 
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RAILWAY ENGINEERING. 

Practical Hints to Young Engineers Employed 
on Indian Railways. By A. W. C. Addis. 
With 14 illus. 154 pp. i2mo. (1910) ... net 3 6 

Railroad Curves and Earthwork. By C. F. 

Allen. Third edition, 4 plates, 198 pp. i2mo, 

leather, gilt edges. (New York, 1903) ... net 8 6 

Field and Office Tables, specially applicable to 

Railroads. By C. F. Allen. 293 pp. i6mo, 

leather. (New York, 1903) net 8 6 

The two above combined in one, vol. limp leather ... net 12 6 

Up-to-date Air Brake Catechism. By R. H. 

Blackall. Twenty-third edit. 5 coloured plates, 

96 illus. 305 pp. crown 8vo. (New York, 1908) net 8 6 

Simple and Automatic Vacuum Brakes. By C. 

Briggs, G.N.R. 11 plates, 8vo. (1892) ... 4 o 

Notes on Permanent-way Material, Plate-laying, 
and Points and Crossings. By W. H. Cole. 
Sixth edition, revised, with 44 illus. in 39 plates, 
203 pp. crown 8vo. (1912) ... ... net 76 

Statistical Tables of the Working of Railways 

in various countries up to the year 1904. By 
J. D. Diacomidis. Second edition, 84 pp. small 
folio, sewed. (1906) ... ... ... net 16 o 

Locomotive Breakdowns, Emergencies and their 
Remedies. By Geo. L. Fowler, M.E., and W. W. 
Wood. Fifth edition, 92 illus. 266 pp. i2mo. 
(New York, 1908) ... net 4 6 

Permanent-Way Diagrams. By F. H. Frere. 

Mounted on linen in cloth covers. (1908) net 3 o 

Formulae for Railway Crossings and Switches. 

By J. Glover. 9 illus. 28 pp. royal 32mo. (1896 2 6 

Data relating to Railway Curves and Super- 
elevations, shown graphically. By J. H. Haiste. 
On folding card for pocket use ... ... net 06 
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Setting out of Tube Railways. By G. M. Halden. 

9 plates, 46 illus. 68 pp. crown 4to. (1907) net 10 6 

Railway Engineering, Mechanical and Electrical. 

By J. W. C. Haldane. 141 illus. 563 pp. 8vo. 

KJLOisfl ... ..« ... ••• ••• ••• ... IS \J 

Tables for setting-out Railway Curves. By C. P. 

Hogg. A series of cards in neat cloth case ... 4 6 

The Construction of the Modern Locomotive. 

By G. Hughes. 300 illus. 261 pp. 8vo. (1894) 9 o 

Practical Hints for Light Railways at Home and 
Abroad. By F. R. Johnson. 6 plates, 31 pp. 
crown 8vo. (1896) ... ... ... ... ... 2 6 

Handbook on Railway Stores Management. By 

W. O. Kempthorne. 268 pp. demy 8vo. (1907) 

net 10 . 6 

Railway Stores Price Book. By W. O. Kemp- 
thorne. 487 pp. demy 8vo. (1909) ... net 10 6 

Tables for setting out Curves for Railways, Roads, 
Canals, etc. By A. Kennedy and R. W. Hack- 
wood. 32010 ... ... ... ... ... net 20 

Railroad Location Surveys and Estimates. By 

F. Lavis. 68 illus. 270 pp. 8vo. (New York, 1906) , 

net 12 6 

Tables for Computing the Contents of Earth- 
work in the Cuttings and Embankments of 
Railways. By W. Macgregor. Royal 8vo ... 60 

Bridge and Tunnel Centres. By J. B. McMasters. 

Illustrated, 106 pp. i8mo, boards. (New York, 

1893) ... ... ... ... ... ... net 2 o 

Pioneering. By F. Shelford. Illustrated, 88 pp. 

crown 8vo. (1909) ... ... ... ... net 3 o 

Handbook on Railway Surveying for Students 

and Junior Engineers. By B. Stewart. 55 

illus. 98 pp. crown 8vo. (1909) net 26 

Spiral Tables. By J. G. Sullivan. 47- pp. i2mo, 

leather. (New York, 1908) ... net 6 6 
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Modern British Locomotives. By A. T. Taylor. 

ioo diagrams of principal dimensions, 118 pp. 

oblong 8vo. (1907) ... net 46 

Locomotive Slide Valve Setting. By C. E. Tully. 

Illustrated, i8mo ... ... ... ... net 10 

The Walschaert Locomotive Valve Gear. By 

W. W. Wood. 4 plates and set of movable card- 
board working models of the valves, 193 pp. 
crown 8vo. (New York, 1907) ... ... net 6 6 

The Westinghouse E.T. Air-Brake Instruction 
Pocket Book. By W. W. Wood. 48 illus. 
including many coloured plates, 242 pp. crown 
8vo. (New York, 1909) net 8 



SANITATION, PUBLIC HEALTH AND 
MUNICIPAL ENGINEERING. 

Sewers and Drains for Populous Districts. By 

J. W. Adams. Ninth edition, 81 illus. 236 pp. 

8vo. (New York, 1902) net 10 6 

Engineering Work in Public Buildings. By 

R. O. Allsop. 77 illus. ix. + 158 pp. demy 410. 

(1912) ... ... ... ... net 12 6 

Public Abattoirs, their Planning, Design and Equip- 
ment. By R. S. Ayling. 33 plates, 100 pp. 
demy 4to. (1908) ... ... net 8 6 

Sewage Purification. By E. Bailey-Denton. 8 

plates, 44 pp. 8vo. (1896) ... ... ... 5 o 

Water Supply and Sewerage of Country Man- 
sions and Estates. By E. Bailey-Denton. 
76 pp. crown 8vo. (1901) ... ... ... net 26 

Sewerage and Sewage Purification. By M. N. 

Baker. Second edition, 144 pp. i8mo, boards. 

(New York, 1905) ... ... ... ... net 2 o 

Sewage Irrigation by Farmers. By R. W. P. 

Birch. 8vo, sewed. (1878) 26 
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Sewage Disposal in the Tropics. By W. W. 

Clemesha, M.D. 24 plates, 232 pp. 8vo. (1910) 

net 15 o 

Sanitary House Drainage, its Principles and 

Practice. By T. E. Coleman. 98 illus. 206 pp. 

crown 8vo. (1896) 6 o 

Stable Sanitation and Construction. By T. £. 

Coleman. 183 illus. 226 pp. crown 8vo. (1897) 6 o 

Public Institutions, their Engineering, Sanitary and 
other Appliances. By F. Colyer. 231 pp. 8vo* 
(1889) ... ••• ... ... ... ... net 2 o 

Discharge of Pipes and Culverts. By P. M. 

Crosthwaite. Large folding sheet in case net 26 

A Complete and Practical Treatise on Plumbing 
and Sanitation : Hot Water Supply, Warm- 
ing and Ventilation, Steam Cooking, Gas, 
Electric Light, Bells, etc., with a complete 
Schedule of Prices of Plumber's Work. By 
G. B. Davis and F. Dye. 2 vols. 637 illus. and 
21 folding plates, 830 pp. 4-to, cloth. (1899) net 1 10 o 

Standard Practical Plumbing. By P. J. Davies. 

Vol. I. Fourth edition, 768 illus. 355 pp. royal 

8vo. (1905) net 7 6 

Vol. II. Second edition, 953 illus. 805 pp. 

(1905) ... ... ... .., net 10 6 

Vol. III. 313 illus. 204 pp. (1905) ... net 50 

Conservancy, or Dry Sanitation versus Water 
Carriage. By J. Donkin. 7 plates, 33 pp. 8vo, 
sewed. (1906) ... ... ... ... net 1 o 

Sewage Disposal Works, their Design and Con- 
struction. By W. C. Easdale. With 160 illus. 
264 pp. demy 8vo. (1910) ... ... ... net 10 6 

House Drainage and Sanitary Plumbing. By 

W. P. Gerhard. Tenth edition, 6 illus. 231 pp. 

i8mo, boards. (New York, 1902) ... ... net 20 

Housing and Town Planning Conference. 

Report of Conference held by the Institution 
of Municipal and County Engineers. Edited 
by T. Cole, Secretary. 30 plates, 240 pp. demy 
8vo. (1911) ... net 10 6 
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Work in Towns and Cities. By 

E. McCulloch. 44 illus. ^502 pp. crown 8vo. 

(New York, 1908) net 12 6 

The Treatment of Septic Sewage. By G. W. 

Rafter. 137 pp. i8mo, boards. (New York, 

1904) ... ... ... net 20 

Reports and Investigations on Sewer Air and 

Sewer Ventilation. By R. H. Reeves. 8vo, sewed. 

I ■* O vJ^j ... ... ••• ... ... ... ... X \J 

The Law and Practice of Paving Private Street 

Works. By W. Spinks. Fourth edition, 256 pp. 

8vo. (1904) .' net 12 6 



STRUCTURAL DESIGN. 

(See Bridges and Roofs.) 

TELEGRAPH CODES. 

New Business Code. 320 pp. narrow 8vo. (Size 
4f in. by 7f in. and £ in. thick, and weight 10 oz.) 
(New York, 1909) ... net 1 1 o 

Miners' and Smelters' Code (formerly issued as 
the Master Telegraph Code). 448 pp. 8vo, 

limp leather, weight 14 oz. (New York, 1899) 

net 2 10 o 

Billionaire Phrase Code, containing over two mil- 
lion sentences coded in single words. 56 pp. 
8vo, leather. (New York, 1908) ... ... net 6 6 

WARMING AND YENTILATION, 

Heat for Engineers. By C. R. Darling, iio illus. 
430 pp. 8vo. (Finsbury Technical Manual.) 
(1908) ... ... ... . ... ... ... net 12 6 

Hot Water Supply. By F. Dye. Fifth edition, 

48 illus. 86 pp. crown 8vo. (1902) ... net 3 o 
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A Practical Treatise upon Steam Heating. By 

F. Dye. 129 illus. 246 pp. demy 8vo. (1901) net 10 o 

Practical Treatise on Warming Buildings by 

Hot Water. By F. Dye. 192 illus. 319 pp. 

8vo. cloth. (1905) ... ... ... ... net 8 6 

- Charts for Low Pressure Steam Heating. By 

J. H. Kinealy. Small folio. (New York) ... 4 6 

Formulae and Tables for Heating. By J. H. 

Kinealy. 18 illus. 53 pp. 8vo. (New York, 1899) 3 6 

Centrifugal Fans. By J. H. Kinealey. 33 illus. 

206 pp. fcap. 8vo, leather. (New York, 1905) net 126 

Mechanical Draft. By J. H. Kinealey. 27 original 
tables and 13 plates, 142 pp. crown 8vo. (New 
York, 1906) net 8 6 

Theory and Practice of Centrifugal Ventilating 
Machines. By D. Murgue. 7 illus. 81 pp. 8vo. 

I lOOw/ ... ... ... ... ... ... ... *) \J 

Mechanics of Ventilation. By G. W. Rafter. 

Second edition, i8mo, boards. (New York, 1896) 

net 20 

Principles of Heating. By W. G. Snow. 62 illus. 

161 pp. 8vo. (New York, 1907) net 8 6 

Furnace Heating. By W. G. Snow. Fourth edition, 

52 illus. 216 pp. 8vo. (New York, 1909) ... net 6 6 

Ventilation of Buildings. By W. G. Snow and T. 
Nolan. 83 pp. i8mo, boards. (New York, 1906) 

net 20 

Heating Engineers' Quantities. By W. L. White 
and G. M. White. 4 plates, 33 pp. folio. (1910) 

net 10 6 



WATER SUPPLY. 

(See also Hydraulics.) 

Potable Water and Methods of Testing Im- 
purities. By M. N. Baker. 97 pp. i8mo, 
boards. (New York, 1905) ... net 20 

Manual of Hydrology. By N. Beardmore. New 

impression, 18 plates, 384 pp. 8vo. (1906) net 10 6 

P 
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Boiler Waters, Scale, Corrosion and Fouling. By 
W. W. Christie. 77 illus. 235 pp. 8vo, cloth. 
(New York, 1907) net 12 6 

Water Softening and Purification. I?y H. Collet. 
Second edition, 6 illus. 170 pp. crown 8vo. (1908) 

net 50 

Treatise on Water Supply, Drainage and Sanitary 
Appliances of Residences. By F. Colyer. 100 
pp. crown 8vo. (1899) ... net 16 

Report on the Investigations into the Purifica- 
tion of the Ohio River Water at Louisville, 
Kentucky. By G. W. Fuller. 8 plates, 4to, 
cloth. (New York, 1898) ... ... 220 

Purification of Public Water Supplies. By J. W. 

Hill. 314 pp. 8vo. (New York, 1898) 10 6 

Well Boring for Water, Brine and Oil. By C. Isler. 

Second edition, 105 illus. 296 pp. 8vo. (1911) net 106 

Method of Measuring Liquids Flowing through 
Pipes by means of Meters of Small Calibre. 

By Prof. G. Lange. i plate, 16 pp. 8vo, sewed 

net 06 

On Artificial Underground Water. By G. 

Richert. 16 illus. 33 pp. 8vo, sewed. (1900) 

net 16 

Notes on Water Supply in new Countries. By F. 

W. Stone. 18 plates, 42 pp. crown 8vo. (1888) 5 o 
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